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A Study on the Near Infrared Ray Wavelength Conversion Film for Improving
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Abstract: The amount of electric power for photovoltaic power generation depends on the location of the power plant

and the direction of solar cell. The solar cell controls the generation of solar power plants. Therefore, the structure of

solar cell, manufacturing method, and optic technology were factors contributing to increased solar cell efficiency;

however, the technical limit has been reached. Herein, we propose a new method to increase the solar cell efficiency

using a wavelength conversion technology that converts ultraviolet and infrared rays, which are not effectively used in
solar cells, into effective wavelength of solar cell. We used fluoride Na(Ca)YF, phosphor for wavelength conversion.

Then, a wavelength-conversion fluorescent paste, prepared using an organic-silicon binder, was used to prepare a film

that was applied to Si solar cells. It was confirmed that conversion efficiency improved by 5% or more.
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918 2% natrium metaphosphate (sigma
aldrich), calcium metaphosphate (sigma aldrich),

I (2-propanol +Na, Y) }

Stirred for 30min
pH 13 +NH,OH

[ 170 °C . 7.5MPa. for 5h, In autoclave

|

|Centrifuge : 10,000 rpm + ethanol

|

[ Preheat at 200°C, 250°C, 300°C for 2h, 3 *C/min in Ar

l

Sintered temp : at 800°C~ 1,100°C, for 4h, 3 *C/min in Ar

(H,0, + Yb,En) |

Fig. 1. Synthesis process of inorganic phosphor.

J. Korean Inst. Electr. Electron. Mater. Eng., Vol. 30, No. 11, pp. 699-704, November 2017: B.-K. Park, et al.

yttrium fluoride (sigma aldrich), erbium fluoride
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Organic modifer PDMS

Fig. 2. Binder synthesis process of organic & silicon.
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=
=2 FxstY, W mo|AES] BARS 9]to] 3-roll X-ray diffraction, D-Max-1200, Rigaku, Japan)&
mill (chahe| =, EXAKT501)S o]85t9ict. Stial, FEA Yol 59 4 A= ¢ oA xRet
AAs W HolAEE uixl @ mAje] Ao of HIUIE EW % owig WAty sl FAAIAD]
MZA upAlol A=2] mele] upAlS o|Rso] EfjoFD @FFE—SEM, field em1.381on' scanniong Be.l—ectro;d
Wl F2 ALBEE 691%] Si EjoRAle] Ago] o MICTOSCOPS, 54700, Hilachi, Japan& o1&l
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SEES oy We WSS AR ST e S -
e e o @7 29pYos 19 % 150C 2HE 1Y 4
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D 3t A]Z1 & spectrophotometer (model: Cary5000)
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2 o]&slo] 300~1,500 nm WA Felo] WeloA &
e B BASIAC. AAE 04 W molAE e 5
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Ao AWAT(EA wH: KS M ISO 15184: 2013)
2 ojsto] Aol AAY 14 WE HojAES
o] g4t WEo| oi7]7l 980 nmo] Y Wo] €
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solar simulator (Wacom, WXS-155S-L2)S o]&3}
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3. 4 ¥ nE
e
3.1 mE Wee 98 S8 HTH Y v S
Fig. 3. Wavelength conversion phosphor paste. 800~1,100°C& <x]2]=l Up-conversion Na(Ca)YF; :

Yb3*, Er® iRl AXNILRE BAMstal I 40
e ITE 28 50 Yehd ZAX 3 800°Ce] 20
Al up conversion FHA|Q] BX| Z7AQ Na(Ca)YF,
BMATE FdE7] AR 1,100°ColA eE8m 2
dE ol Vg & AaE 4 [10].

2 60 afstA gowof ofs g/de Na(Ca)YF, :
Yb3+ Erdt o] A& dxg] &L Wil 2 =
ARAROA AEe Uerggich gdE Bae ua
A 9] sub-micron UMl YAt FEIS HERRCT,
wAet 22 FEHE BoqFa o E=ot AF FA e
2571 1,000°C ¥ 1,100°C&2 Z7tsto) ot &2 ¥

H St YAYFol dolikee & 4 k.
JET elelte BW L 99 ARFE 1Y 7 Y
Efglon, 248 Q- EEY U9 AU AL

Fig. 4. Si Solar Cell applied wavelength conversion sheet. 2 AU
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Fig. 5. X-ray diffraction result of inorganic phosphor. (a) 800°C,

(b) 900°C, (c) 1,000°C, and (d) 1,100°C.
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Fig. 6. SEM result of inorganic phosphor according to heat
treatment temperature.

Fig. 7. SEM result of organic-Si binder. (a) surface and (b) cross.
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Fig. 8. Transmittance result of wavelength conversion film.

Table 1. Pencil bran result of wavelength conversion film.

Sample Result Experimental method
1 9H KS M ISO 15184:2013
2 9H KS M ISO 15184:2013
3 9H KS M ISO 15184:2013
4 9H KS M ISO 15184:2013
5 9H KS M ISO 15184:2013

Table 2. Result of solar cell applied wavelength conversion film.

Sample Voc [mV] Isc [A] Efficiency [%]

SO 550.372 7.474 13.236

S1 548.759 7.864 13.858

S2 579.131 7.647 14.249

S3 579.351 7.734 14.190

S4 544.423 7.664 13.346

S5 542.288 7.863 13.495
Average 558.790 7.754 13.828
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Fig. 9. Spectrum analysis of wavelength conversion film.
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A= B 20] YEUQITE Al2EQel SO= o Wt
F5o] AEEA] g2 Si gFRIAoln, SIRE Sbh=
gt gt BEo] A8 Si EYHR] FFgkolot. ot
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4. @ B
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