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This article reports luminescence studies on wet-chemical route prepared YVO,:Er®* /Yb3* microdisc phosphor.
The 980 nm laser excited upconversion (UC) emission intensity ratio of green to red bands is found too high to
neglect the contribution from the red emission band, which is not observed normally in Er¥* /Yb3+-doped materi-
als. The red emission is also found absent in the downconversion emission under excitation at 316 nm. The varia-
tion of UC intensities with external temperature exhibits a well-fashioned pattern, which suggests that the 2H;;
and *Sy/5 levels of Er®* jon are thermally coupled. The YVO,:Er** /Yb?* phosphor has shown outstanding temper-
ature-sensing behavior with maximum sensitivity of 0.0117 K~! at 400 K. This material is also employed to develop
a latent fingerprint in green color. Furthermore, the present phosphor could be useful for solar cell concentrators,
drug delivery, and disease therapy applications. © 2014 Optical Society of America
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1. INTRODUCTION

Rare earth ion-doped conventional materials are now under
reinvestigation in the light of nanotechnology since nanoma-
terials have shown improved and novel optical properties
[1-3]. The research is progressing in this direction because
these materials have outstanding applications as optical sen-
sors, optical amplifiers, multicolor displays and lighting devi-
ces, luminescent concentrators in solar panels, lasers [1-5],
etc. Moreover, photon upconverting materials offer advan-
tages for biological applications because of low autofluores-
cence from surrounding tissues, high spatial resolution, and
high penetration depth of excitation wavelength [6-10].

Yttrium orthovanadate has excellent physical and optical
properties [11] and is highly birefringent. It is used in various
optical devices, including Nd:YVO, laser [12]. For an efficient
NIR to visible upconversion, the host should have low phonon
energy. YVO, lattice has phonon energy of 880 cm™! and ex-
hibits good upconversion efficiency when it is doped with RE
ions [11,13]. It also has a zircon-type structure, described by
the general formula At™B+®-V0,, where A, B are metal ions
having a coordination number of 8 and 4, respectively [14].
The zircon-type YVO, is built from the chains of alternating
edge-sharing VO, and YOg. The tetragonal YVO, crystal be-
longs to the Dy, space group, with Doy the local point sym-
metry of Y+, and is surrounded by eight O* ions at the
vertices of a tetragonal dodecahedron. The ionic radii of
Er3+ (0.881 A) and Yb3+ (0.858 A) are close to that of Y3+
(0.90 A). So the yttrium ion in the Dy site of the YVO, lattice
is easily substituted by erbium and ytterbium ions [15].

It is known that under UV excitation, the energy transfer
from the excited YVO, host to the trivalent RE ions takes
place, and this process is effective in overcoming low
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absorption of RE ions. In this case, VO?;’L groups are excited
from the ground state, and, when the energy-matching
condition is fulfilled, these excited ions serve as a universal
sensitizer for RE ions [16]. Er?t is an active dopant for down-
conversion as well as IR to visible upconversion emission be-
cause of its favorable electronic energy levels with long-lived
excited states. Yb®+ ions, with one excited energy state (°Fj /2))
have a large absorption cross section at around 980 nm [17].
The energy difference between ground state (°F; /2) and ex-
cited state (*F52) of Yb?* ion matches very well with the en-
ergy difference between “I;; /5 and *I;5/5 and ;5 and “Fy
energy states of Er*t ion and thus causes an efficient energy
transfer from Yb3+ to Er®* ion. Finally, by codoping with Yb?*,
the pump efficiency for upconversion gets enhanced.

Downconversion luminescence in YVO,:Nd?*, YVO,:Bi*+/
Eu?t, YVO,:Ln?** (Ln = Eu, Dy, Sm) has been studied in sev-
eral works [18-22]. Eu?*-doped YVO, red phosphors are
widely used in cathode ray tube displays. It is also a promising
candidate for plasma display panels. Sun et al. [23] reported
white light generation in an upconversion emission mode from
Er?t, Yb®+, Ho?*, and Tm?* ions-codoped YVO,. The upcon-
version luminescence in Er’* /Yb?*-codoped YVO, phosphors
also has been studied by several other researchers [24,25].

Accurate sensing and mapping of temperature in a noninva-
sive way is a challenging field of research because of the use
of thermal sensors in micro- and nanoscale electronic and
photonic devices [26]. Recently the optical temperature sen-
sors based on monitoring the temperature by using the fluo-
rescence intensity ratio (FIR) technique, which play a vital
role in the places where conventional sensors (so-called con-
tact thermometers) cannot be used. For an efficient optical
temperature sensor, the sensitivity should be high. Therefore
the search for this kind of material is challenging.

© 2014 Optical Society of America
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In this work, we have prepared the Er** /Yb3+-doped YVO,
phosphor using a simple wet-chemical coprecipitation
method and studied the emission properties using 316 and
980 nm excitations. High purity green emission is observed
in the prepared sample. The sample is optically investigated
for various optical applications.

2. EXPERIMENTS

A. Synthesis of YVO4Er*t/Yb** Microdiscs

The crystalline YVO, powder was synthesized with 3 mol%
Yb3t and 0.3 mol% Er®t doping concentrations via a wet-
chemical route. The starting materials viz. V;05 (Sigma
Aldrich), Y,03 (Merck), EryO5 (Merck), and Yb,O3 (Merck)
were purchased with 99.99% purity. The oxides were taken
as stoichiometric proportion, and their nitrate forms were pre-
pared by dissolving these oxides in concentrated nitric acid.
All these nitrates were mixed in a beaker with double distilled
water in order to remove the excess acid and then placed on a
magnetic stirrer whose hotplate was maintained at 80°C for
3 h. Citric acid was added as a chelating agent for metal ions,
keeping the molar ratio of metal ions to citric acid at 1:2. The
chelating agent prevents the agglomeration of particles at re-
action time and thus leads to form smaller particles. After that,
ammonium hydroxide (NH,OH) was mixed drop-wise under
vigorous stirring. The pH of the resulting solution was kept at
8.0. The solution of these reagents was stirred on a magnetic
stirrer maintained at 80°C followed by 1 h ultrasonic agitation
for uniform mixing. After 36 h, the resulting precipitate was
separated by centrifugation, washed with distilled water and
ethanol several times, and dried at room temperature. The
as-obtained powder was heated at 800°C for 2 h in order to
remove organic impurities.

B. Characterization of Microdiscs

The crystal structure of the sample was determined from an x-
ray diffraction pattern taken on a Bruker D8 advanced x-ray
diffractometer. The pattern was recorded over the angular
range 10° < 20 < 90° using Cu-ke (1.5405 A) radiation with
a scanning rate of 4 deg per min. An infrared absorption spec-
trum was recorded on a FTIR spectrometer (Perkin Elmer,
Spectrum RXI) with 1 cm™! resolution using a KBr pellet tech-
nique in the wavenumber range of 4000 to 400 cm™!. Surface
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morphology was studied from SEM images taken by a JSEM
6390LV (Jeol, Japan). The UV-visible-NIR absorption spec-
trum was taken in diffuse reflectance mode on a Lambda 950,
UV-VIS-NIR spectrophotometer (Perkin Elmer). Downconver-
sion photoluminescence studies were carried out on a Hitachi
fluorescence spectrometer, model F-2500. Upconversion
emission spectra were recorded on a SP2300 grating spectro-
graph (Princeton Instruments, USA) using a 980 nm cw diode
laser as the excitation source. Resolution of the spectrometer
was 0.15 nm with a photomultiplier tube. For temperature-
dependent measurements, a pellet of the powder sample was
made and placed in a small homemade furnace. The temper-
ature was measured with the help of a thermocouple located
closer to the sample as it was heated up.

3. RESULTS AND DISCUSSION

A. Structural Investigations
1. X-ray Diffraction Study
Figure 1(a) shows the x-ray diffraction pattern of YVO, pow-
der prepared at 800°C. The pattern was compared with the
standard (JCPDS pdf no. 76-1649) file for the tetragonal
structure of YVO,, and corresponding diffraction planes are
indexed.

The crystallite size was calculated using the Debye-
Scherrer formula and Williamson-Hall equation [27]. The
Scherrer formula is given by

092 o
" Bcos@’
and the Williamson-Hall equation is
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where D is the crystallite size, 1 is the wavelength of radiation,
p is the FWHM of the diffraction peak, 0 is the diffraction an-
gle, and ¢ is the microstrain present in the sample. Microstrain
is represented by the slope of the Williamson-Hall plot
[Fig. 1(b)]

The average crystallite size calculated using Williamson—
Hall plot was 17 nm, while with a Debye—Scherrer formula
it was found within the 16-25 nm range. The negative slope
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(a) XRD pattern of the YVO.:Er’* /Yb?* crystals annealed at 800°C. (b) Williamson—Hall plot of YVO,:Er®* /Yb3+ nanophosphor.
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of the W-H plot indicates the contraction of the host lattice
due to substitution of Y3+ (0.90 A) ions by slightly lower ionic
radii Er3+ (0.88 A) and Yb3+ ions (0.86 A).

The average crystallite size is found around 17 nm, which is
lower than the particle size obtained by SEM studies. So it is
concluded that a single microdisc particle contains several
crystallites.

2. FTIR Analysis

The FTIR spectrum of the heat-treated sample (Fig. 2) shows a
low quantity of organic impurities. A broad band around
3400 cm™! is due to the O-H stretching vibrations of H,O,
adsorbed to the surface of the nanocrystals. The band at
2350 cm™! is assigned to the asymmetrical stretching modes
of COs. This indicates that the annealed sample adsorbs CO,
from the environment. The weak bands at 1656 and 1628 cm™!
correspond to the O-H stretching vibration modes for coordi-
nated water. Another weak band at 1500 and 1408 cm™! may
be assigned to the vibration of carboxylate anions in the citric
acid. The strong band at 815 cm™! is associated with the char-
acteristic vibrational mode of the V-O bond of VO}~ groups
[28]. The peak at 453 cm! is due to the characteristic vibra-
tional mode of the Y-O band.

3. SEM Study

Figures 3(a) and 3(b) show the SEM images of the prepared
YVO4:Er’t /Yb3*+ powder. It shows the disc-shaped particles
with a diameter in the range of 200-500 nm. The EDS spec-
trum [Fig. 3(c)] shows the presence of yttrium, vanadium, and
oxygen atoms. It does not show any impurity.

The chemical composition according to EDS analysis is
found to be Y96, VOs. A low weight percentage of oxygen
is observed, which may be due to the creation of oxygen
deficiency at a high-temperature heat treatment. Low concen-
trations of Er** and Yb®* ions are not observed.

B. Optical Studies

1. Diffuse Reflectance Study
The diffuse reflectance spectrum of Er’t /Yb?t-doped YVO,
powder phosphor was measured against a reference standard

50 FTIR spectrum of YVO:Er3*/¥b3*

annealed at 800 °C

40

30

20

Transmittance %

10

04

¥ T . T L T ¥ T v T v T v T
4000 3500 3000 2500 2000 1500 1000 500
Wavenumber (cm'1)

Fig. 2. FTIR spectrum of YVO,:Er**/Yb3* phosphor annealed at
800°C.
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Fig. 3. (@) and (b) SEM images. (c) EDS spectrum of
Er’* /Yb?*:YVO, nanophosphor.

BaSO, compound. In diffuse reflectance spectrum, the bands
at 490, 522, 654, and 974 nm were observed (Fig. 4). The strong
band at around 330 nm is due to the bandgap of the material.
The absorption bands at 490, 522, and 654 nm are the transi-
tions from the ground state, *I;5, to the excited *Fy 5, 2Hyy s,
and *Fy , states of Er** ion. The broad band around 974 nm is
due to the transition from the 2F; , state to the Stark spilt *Fj 5
state of Yb?* ion. The spectrum shows a broad band in the
wavelength region 210 to 340 nm. It is attributed to the
bandgap of the host matrix.

The bandgap of yttrium vanadate is calculated using the
Kubelka-Munk theory [29] from diffuse spectrum and is found
to be 3.78 eV. This result matches well with the reported value
(3.79 eV) in the literature [30].

2. Downconversion Luminescence Study

Under 316 nm UV excitation, Er*t - Yb®*-doped YVO, nano-
crystals showed green emission bands at 527 and 555 nm
wavelengths [Fig. 5(a)]. This green luminescence is due to
the intra-4f transition of the Er** ion in the Dy site. The VO3~
groups in the YVO, host are excited via absorbing UV photons;
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Fig. 4. Diffuse reflectance spectrum of Er’* /Yb?+-doped YVO,.
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Fig. 5. (a) Luminescence (lex. = 316 nm) spectrum of Er’* /Yb?+:YVO,. (b) Schematic diagram of emission process.

then excited VO3~ groups serve as a sensitizer for the Er3*+
activators. As a result of energy transfer from the vanadate
group to the Er¥* ion, green emission is observed. The energy
transfer process is shown in Fig. 5(b). The energy transfer
efficiency depends on the angle formed by the central absorp-
tion atom, oxygen ion, and erbium ion. From magnetic stud-
ies, it is known that the superexchange interaction between
paramagnetic ions depends on the angle made by the para-
magnetic ion, oxygen ion, and paramagnetic ion. This super-
exchange interaction is stronger in ¢ bonding (angle 180°)
compared with 7 bonding (angle 90°). In YVO,, the V-O-Y
angle is of 170°, so it almost overlaps with = bonding, and
an efficient energy transfer occurs from VO3~ to Er’* ions
[28]. Interestingly, there is no emission due to the 4F, /2 =
45 /2 transition (red emission). It suggests that there is a
negligible nonradiative transition from the 4S; /2 level to the
4Fy,5 level in this phosphor.

3. Upconversion Emission Study

Upconversion emission is studied upon 980 nm excitation.
The emission spectrum is shown in Fig. 6. The upconversion
luminescence showed strong green emission at 525 and
554 nm and weak red luminescence at 661 nm. The energy
level diagram for Er’* and Yb®* ions and various feasible
excitation pathways are shown in our previous report [31].
The luminescence bands can be attributed to 2H;, 2= i /2
and 1S53 — *1;5/» transitions for 525 and 554 nm peaks, re-
spectively, while the *Fy/, — I;5/5 transition produces red
emission of 661 nm. Here, Yb®+t acts as a sensitizer. The ex-
citation wavelength (980 nm) is in resonance with the 2F; 12 =
®F5» transition of the Yb?* ion and thus absorbed by the ion.
An efficient energy transfer between Yb®>* and Er’* ions oc-
curs due to the spectral overlap between the 2Fj /2 = 2F, /2
(Yb?*) transition and the *Ij;/» — *Ij52 (Er®") transition.
The peak at 546 nm is a Stark component of the *S; /2 level.
Pump radiation induces a transition between the ground state

1,52 and *I;; 5 through the ground state absorption process.
Then, in the second excitation, the ion is further excited from
1112 to *F7 5. The *F; 5 level decays to 1S5 /5 and 2Hy /5 levels
nonradiatively. A cooperative energy transfer process be-
tween two Er®t ions cannot be ignored here. In this process,
two Er’* ions at the I}y, level interact each other, and one
Er’* ion is de-excited to the ground level, whereas the other
one is excited at the *F7/, level. The red intensity is low in
comparison with that of the green. This is due to the fewer
number of nonradiative transitions of erbium ions to the
4F, /2 level, which makes a low population at this level. The
lifetime of the 2Hy;/» and %Sy, levels were calculated using
a single exponential fitting (inset of Fig. 6) and were found
to be 973 and 681 ps, respectively.
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Fig. 6. UC emission spectrum (at power 203 mW) of

YVO,:Yb3+ /Er®* nanophosphor (inset shows the lifetime decay
curves of *Hyy 5, and 1S, 5 levels with single exponential fitting).
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Fig. 7. Variation of UC emission intensity with different excitation
powers (inset shows the In I-In P plot of 525 and 554 nm emission
bands).

4. Excitation Power Dependence of Upconversion
Emission Intensity

To understand the upconversion mechanisms, the UC emis-
sion intensity was measured with input laser excitation
power. In the low input power limit, the upconversion emis-
sion intensity is related to the power as I(P) « P", where n is
the number of IR photons that must be absorbed for the emis-
sion of one upconversion photon. So the plot of In I(P) versus
In P gives the nature of upconversion, i.e., the number of pho-
tons absorbed in the upconversion process. Figure 7 shows
the power dependence of emission bands located at 525 and
554 nm wavelengths. The slopes of the log-log plot of power
and intensity are found to become saturated at higher excita-
tion power (inset of Fig. 7). Power dependence of the two
green peaks was analyzed according to the model provided
by Suyver et al. [32], which shows that the 2Hy; /s — *Ij5/2
(~525 nm) and *S3, — *Ij5/2 (~554 nm) transitions are two-
photon absorption processes. The upconversion efficiency
is governed by the nonradiative processes. As the power is
increased, heat is generated in the sample. Here, it is to be
mentioned that the nonradiative processes depend on the
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energy gap between the associated higher- and lower-energy
transition levels as well as the phonon energy of the material.
With increasing temperature, the stimulated emission of
phonons by thermal phonons increases, and the multiphonon
nonradiative decay rate can be presented according to energy
gap law as [33]

Woap(T) = Wonp (0)[1 _ e*] 3

where W, (T) and W,,(0) are the nonradiative decay rate at
temperature T and 0 K, respectively, hv is the relevant phonon
energy, n = AE /hy,,, is the minimum number of phonons re-
quired to bridge the energy gap AFE between the relaxing and
next lower state, and hy,,,, is the highest energy of the pho-
non. This equation shows that if the phonon energy of the
material is low, the nonradiative relaxations are obstructed,
and hence the upconversion emission increases. When the en-
ergy gap between the two relevant levels becomes equal to
three to four times the phonon energy, the multiphonon relax-
ation process is found to be competitive with the radiative
process. The multiphonon decay rate due to spontaneous pho-
non emission at 0 K from an excited state is given by [34]

Woap(0) = o820, @

where o and f are the characteristic positive constants of the
host material.

Also the high vibrational frequency modes of the chemical
functional groups such as O-H, H-C-H, and C-O (existence
proved by FTIR spectrum) increases the nonradiative decays.
Therefore, for highly efficient upconversion, the presence of
these organic impurities must be removed.

The intensity ratio of the peaks centered at 525 and 554 nm
is plotted with the excitation power and is shown in Fig. 8(a).
This type of variation may be considered as temperature-
dependent behavior, because a similar pattern is obtained
in the temperature-dependent study [Fig. 8(b)]. It is observed
that, upon increasing the pump power, the intensity ratio first
increases in a well fashion and then becomes saturated. This
may happen due to the population saturation of the excited
energy levels at higher power densities. This type of variation
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of upconversion emission intensities with excitation power
leads us to investigate the frequency upconverted green emis-
sions associated with the two thermally coupled transitions
from the *H;; ., and %Sy levels to the *Ij5/5 level of Er’*
ion as a function of external temperature.

5. Temperature-Sensing Performance of Er3* /Y b3+ -
Doped YVO, Phosphor

Optical temperature sensors based on the FIR technique
[2,31,35,36] have been of considerable interest over the last
few years. To study the temperature-sensing performance
of the YVO,:Er®* /Yb3+ phosphor, the upconversion emission
spectra have been recorded with monitoring the temperature
from 302 to 582 K. With an increase in temperature, the band
positions do not shift, only the intensity of the green bands
changes. The FIR varies with temperature as

FIR="2=Bexp|-——]|, )
Issy KgT

where 555 and I554 are the integrated intensities corresponding
to the 2H11/2 i 4115/2 (N525 nm) and 483/2 i 4115/2 (~554 I]IH)
transitions of Er’*, AE is the energy gap between the two
emitting levels, K is the Boltzmann constant, and T is the ab-
solute temperature. Figure 8(b) shows the monolog plot of
FIR as a function of the inverse absolute temperature (T),
and B is given by the following equation:

_ w‘;/HthVHv (6)

s9shvs
where Wy and Wy are the radiative probabilities of two tran-
sitions, g and gg are the (2J + 1) degeneracies of levels 2H;,; /2
and *S; /2, respectively, and huy; and hug are the photon ener-
gies of the 2Hjj/s — *Ij52 and *S;, — *Ij5/ transitions,
respectively.

From the least-squares fitting of In(I5p5 /I554) versus 1/T, the
energy gap AE and pre-exponential factor B were calculated.
The value of the slope, AE/Kp, is about 755.9, and from this
value AF is found as 525 cm™!. The parameter B is found from
the y intercept as 15.5, which indicates that the radiative
transition probability Wy is much greater than Wg.

It is important to know that the thermal sensitivity of the
material is defined as the rate at which the FIR changes with
temperature. The sensor sensitivity is defined by

_FIR) _ . AE

S :
oT KpT?

(M

which is presented in Fig. 9. With the increase in temperature,
the sensitivity of the present material decreases. The maxi-
mum value is observed as 0.0117 K-! at 400 K, which com-
pares favorably with all other host materials reported in the
literature [37]. This achievement suggests that this material
could be selected as a potential candidate for a highly sensi-
tive optical temperature sensor based on the FIR technique.

6. YVO4Er3t /Yb3+ Powder for Latent Fingerprint
Detection

Fingerprint detection using upconversion luminescence is ad-
vantageous because it gives no background signal [38]. A good
affinity for fingerprint ridges on glass by YVO,:Er3+ /Yb?* dry
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powder was observed. Because of this, the fingerprint on
a glass slide was developed using the synthesized powder.
Figure 10(a) shows the image of fresh fingerprints developed
by dry powdering under 980 nm illumination. The image was
photographed by a Nicon D300 camera of 80 mm focal length.
The YVO4:Er®+/Yb3+ particles are not the most efficient
phosphor, yet it yields satisfactory fingerprint images upon
980 nm diode laser excitation. Therefore the latent fingerprint-
detection technique using YVO,:Er®* /Yb?*+ powder, based on
upconversion luminescence is sensitive and selective.

7. Spectrum Comparison with Other Ev3* /Yb3*-Doped
Phosphor Materials

It is clearly observed from Fig. 6 that the red emission inten-
sity is very low, and green emission stands highly prominent.
In general, phosphors codoped with Er®*+ and Yb?+ show good

2.04(b)
3
3 157 o
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| Yvo £ vp*
2 ’ (power- 860mW)
7]
S 054 —YVO,
= ] L — Y203
0.0 v T ¥ T T T y 1
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Wavelength (nm)
Fig. 10. (a) Fresh fingerprint on glass by dry powdering with
YVO,:Er*t /Yb?*, illumination at 980 nm. (b) Comparative spectra
of Er¥* /Yb?*-codoped YVO, and Y,05 phosphors at 860 mW power
(inset shows the photographs of the two samples).
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Table 1. Variation of Color Coordinates
with Power

Power Density (W/cm?) Color Coordinates (x,y)

20 0.22, 0.75
55 0.20, 0.76
85 0.19, 0.77
115 0.18, 0.77
150 0.18, 0.77

red emission intensity along with green emission [39,40].
Reduced red emission is a rare case and not observed usually
from Er’t /Yb3+-doped samples. A comparison in upconver-
sion emission intensity between Er®* /Yb?*-doped YVO, and
Y03 is shown in Fig. 10(b). A clear difference in the emission
color is visible in the inset of Fig. 10(b).

Moreover, the color rendering index (CRI) of upconversion
emission from the Yb?* /Er’*-codoped YVO, nanophosphor is
found almost stable against the excitation power. The CRI is
calculated at various excitation densities from 20 to
150 W/cm?2, which are tabulated in Table 1.

4. POSSIBLE APPLICATIONS OF THIS
MATERIAL

Upconversion phosphors have multidimensional applications.
A single-band red upconversion emission was achieved from
Er®* /Yb**-codoped KMnF; phosphor [41], which is useful for
deep tissue imaging. But the use of a green laser is more ben-
eficial than a red laser. Timimi et al. [42] has investigated the
in vitro effect of green light on the rheological properties of
human blood and observed that it is not only beneficial for
revitalizing the functional capability of preserved blood but
also increases the number of blood cells; hence it enhances
the function of this blood when injected into a body. In this
context, the green emission from our present sample can be
used in photodynamic therapy, and we expect the same type
of enhanced result as obtained in [39].

Our results have shown that the fluorescence emission in-
tensity ratio of the 2H11/2 e d 4115/2 (525 nm) and 483/2 e d 4115/2
(554 nm) transitions can be employed to measure the temper-
ature of a system noninvasively using the FIR technique with
remarkably high sensitivity.

Upconversion phosphors also have shown potential for the
conversion of solar energy into electrical energy. Current
solar devices are unable to convert the UV and infrared part
of the solar spectrum into electrical energy. The absorption of
UV causes the creation of hot charge carriers, which dissipate
the excess energy by thermalization. So the UV photons are
not used efficiently in the solar cells. On the other hand, trans-
mission occurs for photons whose energy is below the
bandgap of the semiconductor material resulting in nonab-
sorption of low-energy photons. Our present material can
convert both the infrared as well as ultraviolet radiation into
the visible green region. In this regard, Er®+/Yb3+-doped
YVO, nanophosphor can be used effectively as a spectral
converter for solar cells.

Fingerprint detection using the synthesized dry powder of
YVO,:Er®t /Yb3* is effective for latent fingerprint develop-
ment. The developed images can be visualized as bright green
and can be used to detect fingerprints on various surfaces
with high contrast without applying specialized equipment.

Mahata et al.

Other applications are also possible such as making infra-
red to visible upconverting devices and display systems where
pure green light is required. As human sensitivity is highest in
the green region, the present phosphor material seems fit
for it.

5. CONCLUSIONS

The YVO,:Er®* /Yb?+ microdisk-shaped phosphor is prepared
via an easy wet-chemical route. Green emission from the sam-
ple is observed on 316 nm excitation due to the efficient en-
ergy transfer from host to Er’* ion. Upon 980 nm excitation,
the sample showed bright green upconversion with negligible
red emission. The fluorescence intensity ratio of two green
emission bands (*S; , and *Hy, ) at different external temper-
ature showed well-fashioned behavior. The synthesized
material, YVO,:Er’+ /Yb3+, can be used as a cutting-edge tem-
perature sensor with excellent sensitivity using the principle
of fluorescence intensity ratio. Observed single green emis-
sion is useful in bio-labeling studies for deep tissue imaging.
Dry powders of YVO,:Er’* /Yb?* can be employed for the de-
velopment of latent fingerprints with high contrast. This
material is also favorable to be used as a promising candidate
in solar cell concentrators to minimize spectral mismatch.
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