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The pomising uses of near infrared (NIR) phosphor converted light emitting
diodes (pc-LEDs), including non-destructive testing and biological
implementations, are endless. It is still difficult to create wideband and NIR
phosphors with sufficient heating steadiness for a variety of uses. The study
herein introduces the phosphor Sr3Ga:GesO14:Cr?*, its creation procedure
through expreiments as well as its influneces on LED devices. The
SrsGa:Ges014:Cr¥*  (SGGO:Cr¥*) super-wideband NIR phosphor was
effectively synthesized in this study with 431 nm stimulation, and a
spectrum adjustment 750 nm-900 nm was made in a two-step super-
wideband radiation having its full width under half maximum (FWHM)
changing among 257 and 336 nm. The inner quantum performance (IQP) for
SGGO:0.15Cr3* is 36.67%, and it has an FWHM of 257 nm. At 423 K, the
emitting strength was still 76% of ambient temperature. The potential of
SGGO:Cr¥* for various uses was eventually demonstrated by the
employment of SGGO:0.03Cr¥* as well as SGGO:0.15Cr¥* samples
accompanied by blue illumination chips under 430 nm for the task of
creating NIR pc-LED gadgets then putting in nighttime sight, human palm
puncture, flora lighting. It was shown that SGGO:Cr3* has a wide range of
use possibilities.
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1. INTRODUCTION

Owing to its outstanding qualities, including invisibility, elevated penetration, and non-invasive
procedures [1], [2], near infrared (NIR) (700-1700 nm) illumination has received an excellent agreement of
people's attention in the sectors of night sight lighting [3], [4], plant illumination [5], [6], biological
photography, and non-destructive evaluating [6]-[9]. Despite achieving a wideband radiation from the visible
to the NIR, classic NIR light supplies including light emitting diode (LED), halogen lights, along with very
long-wavelength lasers still have a variety of drawbacks, including limited effectiveness, excessive size, and
elevated functioning heats [7], [8]. The strait band of hues of NIR LEDs (full width under half maximum
(FWHM) 50 nm) can be effective and energy-saving, but it is insufficient for the wideband illumination
needed for detection. These problems can be rectified by NIR phosphor converted light emitting diodes
pcLEDs, which are anticipated to be the future NIR illumination supplies because to their strong radiative
intensity, cheap price, and straightforward production process [9], [10]. These LEDs comprise one blue
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InGaN chip as well as wide-band NIR-discharging phosphor. As a result, the main focus of NIR
phosphor converted light emitting diodes pc-LEDs is the quest for satisfactory NIR phosphors [11].

The rare-earth ions, including Nd3*, Tm3®, Pr¥, as well as Yb%*, would be predominantly f-f
inhibited transformation radiation, faint absorptibity, strait FWHM, along with poor quantum effectiveness,
which may not fulfill the realistic demands [12]. The other category of activation ions is transformation metal
ions, including Mn?* and Cr3. Whereas Cr®* ions’ d-d transformation typically illustrates wideband
absorbance and radiation in contrast to the f-f inhibited transformation for rare-earth ions, with the emitting
range being nearer towards the directional long-wave than Mn?*-doped substances as well, their emitting
band of hues are primarily within the directional short-wave inside the intense red NIR range, making them
inferior when it comes to food identification and biological puncturing. Consequently, it is a pressing issue to
build wideband generating NIR phosphor with excellent heating steadiness and quantum effectiveness [13], [14].

The choice of an appropriate host will significantly improve the efficiency of the substance because
the phosphor base as well as triggering ion are the main variables determining substances' luminous qualities.
According to the publications that have already been published and the investigation of the Cr3* illumination
process, it is recommended that hosts with numerous crystallographic lattices be used like stuffs to enable
multi-lattice Cr®* radiation and a broader bands of colors. Our study curiosity was piqued by Tsai et al. [15]
proposal of a super-wideband NIR sample having an FWHM reaching 330 nm, LasGasGeO14:Cr3* in 2018.
For its chaotic (or statistical) dispersion within the multi-sheet crystal configuration, the Ca-gallogermanate
family (space group P321) can create several sites appropriate for Cr®* doping. Through controlling the
dosage of Cr®*, the spectra were also changed from 900 to 750 nm, and the FWHM was consistently kept
among 257 and 336 nm. With the use of an NIR camera, studies on plant development lighting, night vision
lighting, and human blood vessel imaging, it has been demonstrated that SGGO:Cr®" would be a potential
multi-purpose NIR sample.

2. EXPERIMENTAL
2.1. Synthesis

The elevated-heat solid phase response technique was used to successfully make
SrsGa;Ges014:XCr¥*  (0<x<0.20) phosphors. The initial components SrCOs, Ga,Oz (99.99%), GeO,
(99.9999%), and Cr,03 were weighed and ground for 30 minutes in an agate mortar according to the intended
mixture. The combination was then transferred to one corundum crucible then put inside a muffle furnace. In
there, the blend underwent sintering for 6 hours under 1,250 °C. The furnace was then allowed to cool
naturally to ambient heat, and the specimens were crushed into a fine powder for further analysis [16].

2.2. Characterization

Using an X-ray diffractometer and Ko radioactivity for one Cu subject bypassing Ni lines
(2=0.15405 nm), the purity of the phases was determined. The diffraction range and step size are 0.02° and
10-80°, respectively, while the functioning parameters reach 40 milliamperes as well as 40 kilovolts. Using
the GSAS tool, Rietveld rectification was done within the 10-80° scope. EDS and area emitting scanning
electron microscopy were utilized to assess the morphology and content of the samples [17]. Via a 450-W Xe
light serving in the form of the stimulation mean under 1500 V, the emitting band of colors and stimulation
band of colors at normal heat were evaluated on a fluorescence spectrophotometer, and the changeable
heating band of colors (between 298 K and 473 K) as well as the life degradation arch under poor heat (4 K)
were evaluated via outer heat managing gadgets. With BaSO, serving like the test background, dispersed
reflection bands of colors in the 240-900 nm region were recorded.

2.3. Manufacture of NIR pc-LED gadgets

One InGaN chip under 430 nm combined with SGGO:Cr3* makes up the NIR pc-LED element. The
silica gel should be mixed well with the correct quantity of phosphors for 20 minutes. The resultant slurry
was applied to said chips’ exterior then let dry under 80 °C to create NIR pc-LED gadgets. The best
generating gadget was chosen and powered at 5-105 mA current under a 30 mA current drive. Figure 1
displays the technical details of white light emitting diodes (WLEDs) [17]. The WLED device employed for
the study herein can be seen Figure 1(a). Figures 1(b)-(d) show the binding graph, graphical illustration of
WLED, and WLED recreation through the LightTools program.
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Figure 1. Picture concerning WLED formation (a) WLED device used for study, (b) binding graph, (c) pc-
WLED:s illustrated, (d) WLED recreation utilizing LightTools program

3. RESULTS AND DISCUSSION

In order to create an illumination supply with great effectiveness and respectable emitting hue
properties, the right mixture containing proficient phosphor samples would be obviously important. The
phosphors ability to be excited, or the extent in which their stimulating bands of colors correspond to the
pumping LED discharge, would be a second crucial factor in determining the effectiveness of phosphors. In
fact, this is the primary cause of the perfectly tuned fluorescent lamp phosphors' mostly ineffective usage in
LED applications. The mercury emission line at 254 nm mostly stimulates these phosphors. We need to avoid
producing pumping LED devices having radioactivity within such a wavelength scope for reasons of energy
effectiveness. As such, it is necessary to choose phosphors with excellent excitability in the close-UV to blue
area of the spectrum. Moreover, the stimulating spectrum needs to be extensive enough for the task of
making up for disparities within the pumping LED's discharging band for colors brought on by changings in
the conducting current and/or joint heat. As such, we would need a somewhat flat stimulating spectrum in the
phosphors roundly the peak emission of the LED in order to maintain hue boost pumping LEDs having
radioactivity within said wavelength scope stability over the whole wLED. It makes sense to use the wide
band releasing rare earth ions (Eu?* along with Ce®"), since their stimulation spectra also contains a number
of rather wide bands [18], [19].

The heat behavior of the conversion phosphor is crucial when it is placed close to the LED chip. In
fact, with one proficient LED with an input power reaching 5W and a total effectiveness of 150 Im/W, only
3 W of heat must be dispersed by the gadget while nearly 40% of the input power gets transformed into
optic energy. The phosphor’s Stokes losses, non-radioactive degradation, as well as non-radioactive remixing
within the pumping LED are clearly connected to the losses. In the manufacturing of an LED, heat
management is a crucial consideration because of the tiny chip surface and the constrained phosphor area.
However, temperatures between 400 and 450 K may be attained close to the LED chip. As a result, even at
these high heats, the phosphor ought to retain its quantum effectiveness and spectrum properties. The
radiation and stimulation spectra should ideally match as a function of temperature. The occupancy of higher
vibrational levels causes the emitting spectra of Eu?* and Ce** to widen with temperature. It's also
conceivable for the peak emitting position to vary. For the rare earth that emits 4f-4f.

When developing LEDs, one should pay same notice to the effectiveness of the complete converting
procedure from electrical power to the observable optic power in addition to the form of the emitting
spectrum. Utilizing phosphors with quantum effectiveness near to agreement is crucial to achieving such a
high effectiveness. If an exact assessment of the quantum effectiveness is not feasible, one should at the very
least contrast it with a recognized converting phosphor that exhibits comparable stimulation behavior. It goes
without saying that when comparing emissions, integrated emission strengths rather than peak emission
strengths should be used. This is particularly valid when contrasting strait-band emitters with line emitters.
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The word “quantum efficiency” was utilized to characterize the inner quality of the luminescence
converting process known as the inner quantum performance (1QP), or the scale among the photons’ quantity
released and the photons’ quantity subjected to absorption. The external quantum effectiveness should also
be taken into consideration when evaluating a particular phosphor when it is used in an LED gadget. This is
the product of the IQP times the proportion of the stimulation illumination that was absorbed or,
alternatively, the scale of the photons’ quantity released to the amount of photons incident. In general, the
absorption at the stimulation wavelength raises as the dopant dosage in a phosphor rises. The trade-off among
rising absorption (and emission) and falling internal quantum effectiveness as a result of dosage quenching,
however, occurs. When used in LED applications, phosphors with high external quantum efficiencies enable
the usage of little phosphor substance on the LED chip. This reduces the down-transformed light's absorption
losses. As opposed to saying, band-discharging rare earth ions yielding weak absorptivities in the case of the
4f-4f changings, we should employ doping ions yielding elevated absorption cross sections.

Although the majority of proficient converting phosphors are depending on (wide range releasing)
rare earth ions, it has also been reported that transition elements (including Mn?* and Cr3*) along with s? ions
(Pb?*, Bi®*, Sh®") are also used as dopants. In order to increase light production in the (intense) red region of
the spectrum, some publications describe using phosphors that have been doped with Cr¥*. Strong Cr3*
emission with a 700 nm center could be produced when YAG:Ce®* was co-doped; this emission was made
stronger by power transition from the Ce®* ions. As our sight responsiveness is extremely weak under such
wavelengths, the pragmatic application for Cr3* in WLED apparatuses, however, would be quite constrained.
The cubic exponential function may be used to explain the SGGO degradation curve [20]:

I, =1, + A exp (;—f) + A, exp (;—:) + Ajexp (;—:) 1)

where Iy is the luminance, lo is the beginning luminance, A, Az, and Az signify the fitting constants, 7 is the
duration, 71, 72, and z3 signify the exponential element’s degradation times, and the median life z* is
calculated using the method in (2) [21]:

- A T2 +ApTE+A3TS ?)
A1T1+ApT+A3T3
The highest points in the stimulation band of colors and the DRS exhibit excellent agreement. The
Kubelka-Munk function can be used to determine the specimens' optic bandgap in the manner described in
(3) and (4) [22]:

F(R) = 2 3

~ 2R

1

ahv = c(hv — E;)? (4)

The host lattice's crystal field environment has a significant impact on the generation of Cr3* ions. It
makes sense to determine the crystal area strengths independently when the PL bands of colors are a mixture
of the bands of colors created when Cr3* enters various lattices [23], [24].

10-D, = E(*T,) = E( %A, > *T,) — 4S/2 (5)

D_q _ 15-(AE/Dgq—8) (6)
B~ (AE/Dq)?-10(4E/Dgq)
AE = E(*T)) —E(*T,) = E(*A, > *Ty) —E(*4, > *T,) )

where the Racah parameter B denotes the interaction among electrons within the third-order orbitals, and Dq
signifies the crystal field splitting power strongly connected to the metal-ligand gap. The maxima in the
disperse absorption ranges represent the equilibrium locations E(*T1), and E(“T,) of the *T; and “T energy
levels, respectively. The Stokes shift is 4S. Due to (5)-(7), D¢/B was determined to be 2.11, 1.87, and 1.75 at
750, 900, and 1000 nm, correspondingly, demonstrating that Cr3* is emitting wideband light when in a weak
field condition.

Figure 2 exhibited the scattering coefficients (Sc) of the light emission with the increase in
SGGO:Cr® phosphor concentration. The concentration increase of SGGO:Cr®* phosphor stimulates the Sc,
allowing more scattering of blue-chip emitted light to be transmitted and converted to greater-wavelength
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lights. Such phenomenon can increase the luminescence if the amount of blue light scattered in the forward
emission increase while blue-light reabsorption and backscattering are reduced. To serve this objective, the
YGA:Ce yellow phosphor’s concentration need to be lower when the SGGO:Cr®* concentration become
higher. This moreover helps to reduce the fluctuation of the correlated color temperature (CCT). The
decreased YGA:Ce concentration with increasing SGGO:Cr¥* concentration was presented clearly in
Figure 3, while the stability of CCT at higher concentration can be seen in Figures 4 and 5. Furthermore, in
Figure 4, the ability to reduce the CCT variation (D-CCT) of the phosphor at higher doping concentration
was obviously depicted. Though the D-CCT presented a clear fluctuation, it eventually bottoms out at around
70 K with 30% SGGO:Cr®*, reduced by 100 K compared to the value when no SGGO:Cr3* was used.

Figure 6 illustrates how the luminous strength of the white light emission was not always improved
by the rise in SGGO:Cr3* proportion. As shown, using 25% SGGO:Cr3* produced the maximum luminosity,
and using 30% SGGO:Cr3* caused a noticeable luminous decline. It is also the maximum, with reference to
the D-CCT value at 0% SGGO:Cr®* in Figure 5. Due to higher back-scattering and reabsorption, this shows
an unbalanced color distribution and decreased blue emission strength. As the phosphor absorbs more
backscattered blue light, greater SGGO:Cr3+ dosages in particular would encourage the light conversion
from blue to yellow or orange-red. As the phosphor layer tends to thicken with rising SGGO:Cr3* quantity,
the transformed illumination would then be reflected several times, degrading the total emission spectrum
power. To put it another way, if the phosphor dosage is too high, more transformed illumination may be
back-reflected, reducing luminous intensity while raising CCT. As a result, 25% of SGGO:Cr* was chosen
as the appropriate amount for the simulated WLED in order to achieve improved color uniformity and
luminous strength.
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In addition to having an impact on brightness, the dosage of SGGO:Cr3* phosphor has a significant
impact on how well the white LED renders colors. As the concentration of SGGO:Cr¥" rises to 35% in
Figures 7 and 8, color rendition values measured with the hue rendering indicator (CRI) and hue quality scale
(CQS), showed a continual decline. Unbalanced blue, green, and yellow-orange patterns may be to blame for
the significant decreases in CRI and CQS [25]. As was already indicated, as the light emission hue tends to
lean more toward the yellow-orange area, there is an imbalance due to enhanced scattering from the high
SGGO:Cr® dosage. As a result, the CRI and CQS will be reduced by excessive dispersion. This phosphor
requires more research on other factors, such as the particle size, which will be examined in our research

investigation, in order to manage the CRI and CQS.

Figure 9 showed the WLED’s emitting spectra by utilizing SGGO:Cr®*" phosphor. The total white
emitting band demonstrated that phosphor helps to increase the power of the blue and orange-red radiation. It
is possible to alter the illumination efficiency by changing the SGGO:Cr3* phosphor settings to affect the
scattering and absorbing patterns of the WLED's light emission. The highest points may be seen in the blue

(450 nm) and yellow-orange (~600 nm) areas.
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CONCLUSION
In conclusion, the effective synthesis of the super-wideband NIR phosphor SrsGaz-GesO14:-XCr.

Adjust able spectrum locations and strengths may be obtained by varying the dosage of Cr3*, which results in
the production of two phases of luminescence. With 431 nm stimulation, the SGGO:0.15Cr** phosphor

4,
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produces an asymmetric emitting band between 650 and 1300 nm with an FWHM of 257 nm. The
SGGO0:0.15Cr3* has a 36.67% quantum effectiveness and a 76% heat steadiness, accordingly. Because of the
dispersion for Ga/Ge ions from SGGO, Cr¥* settles in some positions, with low-temperature spectra and
Raman spectra used to explain the occupancy of Cr3* at various phases in detail. In order to show the possible
uses of SGGO:Cr3+ in various domains, SGG0:0.03Cr® and SGGO0:0.15Cr* were converted into NIR
pc-LED device and used for night vision gadgets, human hand penetration investigations, and plant
illumination, in turn. Therefore, by choosing substances with various crystal latticework positions appropriate
in the case of Cr3* replacement in the form of phosphor bases, our study demonstrates the viability of
generating robust thermally steady wideband NIR phosphors.
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