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Characteristics of UV-C Up-conversion

Y.Si:07Pr** Thin film phosphor for Germicidal

Jae Hyoung Park

Department of Display Science and Engineering,
The Graduate School,

Pukyong National University

Abstract

The film was spin—-coated on the quartz substrate with
Y-Si—Pr stoichiometric—-contained solution, and then annealed at
high temperature around 1300 C in a air atmosphere. The
obtained film showed the triclinic structure of YSisO7:Pr
phosphor. It showed the broad Pr®*-based f-d transitional
down-conversion spectrum with a main peaks at 267 nm by a
high-energy excitation of 220 nm. Some surface cracks was
minimized by controlling acid concentration of the solution, and

the optimized film showed the crack-free surface morphology



and the thickness of about 600 nm. The phosphor film showed
strong UV-C emission with a main peak of 267 nm by a
lower—-energy light in the blue region, which is coincident with
the germicidal action curve. Finally, the sterilization of
microalgae was demonstrated by the UV-C Up-conversion
phosphor under an excitation of 464 nm blue LEDs, and thus

their population are linearly decreased with time elapse.

keyword : YsSiyO7:Pr®", Thin film, UV-C, Up-conversion,

Germicidal,
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A 32 3 3FA| (Phosphor)

3.1 FFA A

& 334 (Phosphor)# Y (X-ray, Ultraviolet, Visible light, Infrared
ray), A4, € &% &2 w5 vde e AU E FetH, &
F7F dold AU A FolA, A& (Ultraviolet), 7FA3d(Visible
light) =& A d(Infrared ray) & E2°] HAF3ta A= LR3F of
YA E=9(Energy leveDoll &Jaf oyA& WaEdto] EFste
2 o]Fojxl FAE Letth olye FFA Y WFS v oyA G
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93t AR Lo uel AE EF(Bioluminescence, BL), &4 3%
(Cathodoluminescence, CL), $}38} %3 (Chemiluminescence, CL),
AA W (Electroluminescence, EL), ¥ Y3 (Photoluminescence,
PL), € 3&(Thermoluminescence, TL) o2 R F LT dFA+=
I7MA R FAEEYE, FA7F e ZA[Host Lattice), 33 $A419]
%= @A Al(Activator or Luminescent center), 3F8HiF-$-8 71 A]
71% S3A(Sensitizer) & o] Fo1 A QIH16, 17]. olelg &3 9
745 [23. 5]eA HolFar Q.
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3.2 83A 9 FALA - 2A (Host Lattice)
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3.3 F3A FALAE - FAA(Activator)
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S BS2EAY 2r Y #olof dui[16, 17].

=
[}
3
o
)
it
)
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Energy Transfer

Emission

H : Host materials
A : Activator
S : Sensitizer

[2%. 5] |34 3L

_13_



3.5 24 A 3 (Up-conversion, UC)

e A el wE g olee

b, o7 @ ol eol whetgElel oA

A e %811 m e wwa%ﬂw e
ol

ﬂq]‘ﬂ«] S gt
R-EREY 7t A= Ay A 2
Bl = Ho|7} o] Fofxl ] 3
o= AAsI} ]—roi]]‘jﬂ S SHARE, A PP vie
H= P87t o]Fox7] A & & W duUXE FFet Eo =

o]

s

o
4
[«
o
a‘l
_r_4
OL
=
2
oy
:.N:
o
o
rir
(o]
rlo
5,

g
ruO
(i
iy
¢
ofth
o
2
rlr
ju)

AL

N _IXL
o
=
lo,
=2
rs
>

g

S UAEHRE HolE o]Erh A HTER= ANk oE JERF
&2 SRS A AmAdA E F diL, HolaE, HdojgHol &
7} Q= SEE = Holg& Y IEF/ HtE S Ed A UE
=3
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Red
122

Blue
2—->0
Red
> 0->1
@
T
0

[Z¥. 6] Up-conversion €79 24 % [Ralph Schenker et all
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3.6 99 A AL (Energy transfer, ET)

15 &4 Hto} o 7|9 (Excitation state)® ©]%&
sk A9l Wy Falo]l 71 AE$1(Ground state) 2 9HA3LE o]l &
thekst A2E Sl ks o] FojXith glxA R FAE WES)
= AA7Ige] FEd WAF Ho](Radiative transition)®} A AR
(Phonon)®] s #-&o] & <o ez W=t BEARd
(Non-radiative transition)7} Ath. EAAAe] =5 F7FAZIA ¥
W, Aze] GGAE Aol A7t 7P AIH FS Al o) oy A
Aol A7ty EA(Host lattice)ZF-E A A|(Activator) 22| H]W
At 4 %] AP (Non-radiative energy transfer)o] ebd w, o 7|4
Blel = A|(Host lattice)7} 2HEHE E & ZA=27 dgs AL
metal, A A (Activator)7F EAEHA @S wlol HlE] A7
(Excitation state)ol] &A1& 4 3= EA(Host lattice)®] FHAIZF
< @E5EY o]yg @A ETo] o|Fo 4w, YEelv= 7 tii
Q1 @ldelrt. IA|(Solid) QrellAl EA e LA Atolo] ETo] A
H7] flaids 2AZE A2 & = = olvA 3 (Energy gap)¥ 2
AAZE B g ds oA M (Energy gap)ol sddliof sk, o]
o] 3k oﬂ],ﬂz] 3> (Energy resonance)x7<& RA ¢ PLAAEHT
RIS EAs

o lo

E

K

e

o

% HAEGo] T 75 F& Lobd 4 o ETe]
FoAZ] A% e 2L o9 Amargo] Ao
% A714, A71HQ 5 AE o] A o] o] HAT A
of EAste] dEdrt THol E v waFTAEd F= UT[18,

< ETE Yehlle 28-S Yehda gl (A 5
g oo]28] oA ddolal, B AR vE o9 dyA des
UERHIG. (Al A ek 0, 1, 255 Aol9] o] | (Energy
leveDs FEAIG Aoz 159 — 0F92 dolaty ouA= FiL, 1
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Jols|= @S EAT ok
2 )
ey
Y
— 1\ 2000
\
\-
A
A) Y 0 0
(A) (A)
3 4

® 1 6

[29. 7] slYA] A D (Energy transfer);
(A) L3 o9 duyx AL, (B) AZ & o9 dyZXA
il
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4 o] ]
_g]

Tl

=

AR

&
A7

o ol ]

s

T

)
pil

9

4

, Gelld Aol <]

=13

of whet FYAle Wy 3

o] s oe] YolAe d4s 2k Adddeldd

o A =x7t

i
o2 A7t Bol o7 a%s

S
S

3

A
gy

)

of B FuaAm e Aeutt 7] ¥

=
(9]

o]

g]
7 Bolinh B

T

o
gl

3.7 €% 233 A (Thermal Quenching, TQ)

=

7F oA,

al
A
=
T

[nin

T

el

o o

3}

744 &1t

xg‘

=
=

=13

43}

b E2Sel A o177t

A E o 7]7}h
Holfa FAll 3]

L

RN

[e)
R

=

99 quA oz "o A H

==
RLIS

A HAEL Energy Bande HAel
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Excited state

Relaxation

Excited state
Ground state

Ground state

A __le

Non-Radiative
transition

Radiative
transition

[2¥. 8] Configurational Coordinate Diagram(CCD)
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A 48 Activatord] YA =9

41 BEEPL YA £

F71EREd 27 H e dAE FTolA dAME 57H SE
(Lanthanum, La, 57)9lA%8 FEHELutetium, Lu, 7174 <} 2
ZHg (Scandium, Sc, 21) 18]a1 o]EH(Yttrium, Y, 39)7}4 9 %
& TSt dEF dA e JEF %/\3}7 BE AT 7]
259 37t Fol9 HAiA= [3#. 1]olAl The rare-earth
elements % ion?| electron configuration% Awsta QT

HHAH o7 FElectric dipoleo] &3+ f-f Transition< Selection
ruled] A3t 3E&HA AT Ao o)A {-f Transition?]
Absorption Spectrum- %%% stk A7le 2o AREE 19609
Ol Fukel]l Ofelt [21]¢} Judd [22]7} EH et @etAe] JER <
A2EY WS F99 A7)l ofg g3 o g 13te] Degeneracy
Fo] R 4fe] Energy levelo] Stark SplittingS 34 €t}H[23].

o] o|EE(Yttrium, Y, 39)& 32EZ 7HX1, BPARE
Z2}A| @ vl B (Praseodymium, Pr, 59 Al&33iow [27]. 9]
Phase diagram& #313}9] Yttrium pyrosilicate Y3Si;O7:Pri™ & A
#Fshivk[24, 25, 26, 27].

(o, }-> [ oo
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Temperature [K]

2800 | : t
Y,0,(h)
| Liquid n
2400 - ke i
Liquid
o e DS +
2000 - Y205(r) + Liquid ,,f"l Liquid [/ . B
Liguid 1
+ Ligquid 2
2000 - MS + [
; J Ligud + Cr
&-DS 5-DS + Cr
1800 = MS + T"DS + Ci‘ =
Y,04(r) + MS DS DS + Tr
1600 MS + " I
DS +Tr
. DS
MS = Y,SiO, =
1400 - DS = V,8i,0, | Ms+ sosen | |
Tr,Cr=810, | ®PS
1200 T . [ :
0 0.2 0.4 0.6 0.8 1.0
Y504 Mole Fraction SiO5 Si0;

[2¥. 9] The calculated Y303-SiO; system[27]
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) [Xe]
57 Lanthanum (La) [Xe] 5d6s (= [Kr]4d15s5p5)
58 Cerium (Ce) [Xe] 4f°d6s® [Xe] 4f
59 | Praseodymium (Pr) [Xe] 4f%6s® [Xe] 4f2
60 Neodymium (Nd) [Xe] 4f'6s® [Xe] 4f3
61 Promethium (Pm) [Xe] 4f°6s? [Xe] 4f4
62 Samarium (Sm) [Xe] 4f%6s® [Xe] 4f5
63 Europium (Eu) [Xe] 4f'6s® [Xe] 4f6
64 Gadolinium (Gd) [Xe] 4f75d6s? [Xel 4f7
65 Terbium (Th) [Xe] 4°6s? [Xe] 4f8
66 Dysprosium (Dy) [Xe] 4f%6s? [Xe] 4f9
67 Holmium (Ho) [Xe] 4f!16s? [Xe] 410
68 Erbium (Er) [Xel 4f'%6s® [Xe] 4f11
69 Thulium (Tm) [Xe] 4f136s? [Xe] 4f12
70 Ytterbium (Yb) [Xe] 4f"6s® [Xe] 413
71 Lutetium (Lu) [Xe] 4f*5d6s? [Xe] 4f14

[¥. 1] The Rare-earth elements ¥ Ion¢ Electron

configuration
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42 Pr’ o] 29 A & duyA &9

BErEA 40l Prit o] 22 [Xel 478 AAWIDS BHska )

. 1018 Pr¥ o]29] oA F9E5 yERd ot [21]. 7] A
%‘ﬂ% 4f2i ISO, 3P2, 1167 SPI, SPO, 1D2, 1G4, 3F4, SFS, 3F2, 3H6,
Hs, "Hy % 13719) £ & o]Fojxt} of7]F 9+ 4f'6d'ola, 714
=9+ AUYUA FY(Energy level)oll A 61170-78776 cm ‘ol A=A
EAgE, Prit o] Aol f-fHolo] &3 *Py—°H, (~515 nm),
SPo—Fo(~670 nm), *Po—"Fy (=770 nm), 'Dy;—°Hs (=630 nm), 'Sy
=g (~410 nm)e] 7FA1FA @3 9 5d-4f Aolo] o3 2} o]
G 17].

f-fdolx 23 A¥l FZ(Spin selection rule)d WFAA AE f
Z (Parity selection rule)& &5 "E3HA] EeAnt, 274 Fx29 FH
Edow ¥ i (nversion symmetry)®] {l+= AgloA A
2l o] $k3lrh dojup Azt olstr] wide] wgdAde] yEdh 1

g3l 5d enjgo] o] xWo| A7 witel AXF(Crystal
Field)?] &< woma mzel AgFzo] wel 4f5d level?]
A A Wsry A ZAggrh o2 s 4f5delA F M= oF
15000-20000 cm™'e] 7tAd o= oe] 72 Ease] &A= 5,
Zo] §& ~2AEHS Bt

T3 4f-5d- ol S EHo|ZA, 4f-4fdolHt} HeA dojuy,
Decay time% ZTH[28]. whdo] 4f ou)gre A% 552¢} 5p° ¢4
Eo] o8] w5 o], Crystal Fielde] &S AA wol 4f-4fdo]=
A)7] = Energy levelE9 ¢4 W3le of§- 2ow £ w3 Peak

7F et 29, 301
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Energy (103cm?)

60 |-
4f5d
55
50 -
1 150
45
40
5
30
25
3p,
-3,P-—b1[6
20} i
102
15
10 = 164
b 3F, " Fa
sk o
3H:
oL o *H,
uv VISIBLE

[2¥. 10] Energy diagram of Pr®" ion[30]
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A M3 A 3

Al 18 Sol-gel £ A Z 2 Spin-coating

1.1 Sol-gel £49 A=

B Ao V.Si07:Pr¥ 2] Sol-Gel €9& #Ax3t7] $l8iA
Yttrium(IIDnitrate hexahydrate(Y(NO3)3:6H2O, Sigma Aldrich, High
Purity), TEOS(Si(OCsHs)s, KOJUNDO KOREA, Ultra-High Purity)
g3 Praseodymium(IIDnitrate hexahydrate(Pr(NOs3)s:sH20,
Sigma Aldrich)E €22 A}&39 1, &rje) HAHSZE Coatingd
AEZE Acetic Acid®} 2-methoxyethanol(CH;0CH,CH;OH, Sigma
Aldrich, Ultra-High Purity)S AF£stth. d7FAl= w2 AFS-3HA
ko, YoSi07:Pr¥ & &of Sojrts &8 H&L 11 =
Y @ Si 2 AFRFPom[31, 32], AAALDenver Instrument
Company, AA-200DS)& AF&3te] 107 order7t#] 3}sh @akn = A
g3 A AT, A% T &wo] slE3= 2-methoxyethanolS
H7F &, &4E HUbstel Z Aol=F wiauvldg wbE ARE&SEe] 60
Te 7] E9171elA ¢bds] &35 st Sol €45 [19H. 1113

o] Azl
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Yttrium(lIl) nitrate
hexahydrate
(Y(NO3)36H,0)

Praseodymium(lll) nitrate hexahydrate
(Pr(NO);-6H,0)

e

TEQS
(Si(OC;Hs))

|

Stirring in 60°C/2h
Solvent

acid +
2-methoxyethanol(CH;0CH,CH,0H)

[27. 11] UV-C Y3Si07Pr* Sol ¢ Az T4 4%
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1.2 Spin-Coating &3 % <€

Ac)

z3A

Fgo] ApgE VFoRE Si07]BS AueEdt. 7]¥E 1 inch
A& FHeglon, F"sof & Fiol] FU]E 52
S5 AAst7l #ste] 253 (Ultrasonic) Al 2 715 AH&-ste] 7]
A A sFH k. AAAZE Acetone, Ethanol, Isopropyl alcohol
TR 1084 Al A& Eig=y Al A ) 714
Hexamethyldisilazane((CH3)sSiNHSi(CH3)s, Aldrich, 99.9 %)& 125
e 2Xox  ZF¥(evaporationA#  EWNAE  AFG
Spin—-Coaterell #tg|st & HI&Feo] fAs Z=¥xs £ 2000
rpm-3000 rpme] =% 10 %-30 % F<¢ Spin-Coatingg A A3
o, Z¥ & srEde]E(Hot plate)E ©]&3Fe] 100 C-300 T &
oA 10 &3t AxE At ZRE & Hol EAst= 7Ul=
o 29 A 5 3] WEAA du. 99 A Ht
Si0 s &Fujy Z# o] E(ALOs-Plate)oll Ei 7] Z(Electric
furnace)dl ¥ H, X8 & AAEAT 1000 T-1300 CoA =+
=S AFeH, A8 Al 1 hrs-4 hrsset X8 E &Y. 9]
218k Sol &9 AZYE Thin filme AZFTAS [, 12]d &
A BAEE Fsle] ddstgit.

N

I8t =<

tlo mg 1o

> o (1
2
M,
of
ol
2
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Yttrium(lll) nitrate hexahydrate
Praseodymium(lll) nitrate hexahydrate
Weighing TEOS
Acid

Start Materials
2-methoxy ethanol

“

Stirring 60 °C for 2 hrs

Sol solution Y,Si,0,:Pr3* Sol solution

«

Substrate Clean Acetone, Ethanol, IPA, Ozonizer

«

Spin-Coating 2000 - 3000 rpm / 20 - 30 sec

«

Primary Heat treatment [ 300 °C / 10 min

.

Secondary Heat treatment 1000 - 1350 °C / 1 - 4 hrs in Air

“

Thin film [ 500 nm thickness Y,5i,0,:Pr3* Thin film

[29¥. 12] UV-C Y.Sig07Pr® ety 3x) A2 AZZTA 2%
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Yol A" VWMo nE FEFHE Si07]WS HdEEg =
‘5‘H°]E 2 -9 B frlE & VE EvE 55 AASH
918t &3 (Ultrasonic) & 71 & AF83t9] 7198 A =st). Al
A A2 Acetone, Ethanol, Isopropyl alcohold SATHE 108X

2
MH S st A2FeE Sol 95 Brushol| S#3] ~2HEA 3 &, A
P HE= Y-S mAglo]l Coatings At 39 %
Vacuum oven)< °©]&3Fe] 100 C-300 CT¢ =XA 10
HAAete] FAHE & &o] ERet= F7]EF vacancy
(Vacuum oven method)©.2 #| A3t} densedt =
A9 FBE 5 3] vHEHA 3t IY Y FAS izl
Tube-type?d SiOyZ d7]|Z(Electric furnace)o] 2& F, EAg=
AAEA T Ao &EE97]= Film-type @3A ¢t 43 x4
o] %<l 1000 T-1300 TolA W3S AlFRom, Az At
1 hrs-4 hrset @x2E AAeth. Tube-type FFA S A2tz
A& [2¥. 1319 34 24 EE F3dto] Yehyglt

d
2

o
to
rle

)
d0 ol A

Sofo I

ol i Mz XN o
¥

o
2 e
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Brush

Phosphor

Quartz Tube

Tube-type
Phosphor

[2¥. 13] Tube-type UV-C Y3Si;07:Pr** ut=tgd 34 A 2-3A

R
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A 28 UV-C Y3Si07Pr®* vhehd 34 9

S 7Y

2 AFgE AFa &4 (Germicidal Action Curve)ol] 9|3}k
= UV-CZ34 YeSi07:Pr?t W B4 2 &4 F49 Sol-Gel 34
S E&A Tube-type¥ Thin film-typel. & A|Z 3} T}

Az g gA o] 22 548 48] 98 Xd 34 9™
S AP, &A= X-ray Diffractometer (RIGAKU, Japan,
D/MAX 250008 AH&stdith. #2224 EA4S g0s ¥, FFA 9 F

Al 2 FEYAEHES SEM(Scanning electron microscope, HITACHI,
Japan, S-2400)& AR&3l g1kl

£A37) 8 4ud s
=18 +
=

Fluorescence Spectrophotometer (HITACHI, Japan, F-4500)5 A}
g3 w33 ~dEZ  PL(Photoluminescence)¥} &4 AdHEY
PLE(Photoluminescence excitation)Z Z43}th. Pr¥* o] &9
FEAQl Up-conversione 464 nme 4o A w333sl+= Blue LED
AbgEte] 15ekelar, AFE UV-Cd Y.Si07:Prot ububd] 337
A EAS E1et7] Q& AT g S s &
2= B. O. D Incubator(t}$El=, Korea, Low-Temperature
Incubator)E AFE3le] Tube-type B FA o] AH4EAS H435
A TE.

o u
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2.1 XRD(X-ray diffraction)=A

Sol-Gel'H& ©]&3to] Spin-Coatingo.& A Z+sk vbubd] 344 o
AJAES ZAF 2 BAE Y] YA X-ray 3] A (X-ray diffraction,
XRD)E =43 ®Bgkon, X-raye Cu(Cupper, 789 Kad 370
24 154056 AL AT 3" A= FEE JCPDS
Card#38-0223% ol&3f 3|d &g wustal, 43 Jdsqith
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2.2 PL(Photoluminescence)Z3A

Fr Ul 2~ (Luminescence) @, 3LatAf, E2F, A2k 9 oy AEH 9
54 T AFEFH dUAE H3o=H ZHo] Bistal e oy
o] Aol(Transition)o] ¢Jste] F7F o] Foixl AU E 4| & H
WALZE o] Folxw Zo] QMA T AER F7she = A FA
ety o8] 71A] Luminescence® % PL(Photoluminescence)
2 (Photon)E ©17] oy or o] &3k WFolr},

TdsA S3E Y.Si:07:Pr’t whute] BeA EAS 24317 93
Fluorescence Spectrophotometer(HITACHI, Japan, F-4500)% PL
(Photoluminescence)¥} PLE(Photoluminescence excitation)& 74
HTh. o7|ForE 150 Watt Xe lampE A2 o™, Sample
loomel ®HEkS &9 F excitation monochromatorE AF&3] Xe
lampell Al sl 58999 339 AUAIRE desto] Bleke] of 7]
Al7ith, wheto] oUYAIE wrom EhAgh AEj= uiy i, oAl A
g AHE 33 WAFSlE= Luminescence®  emission
monochromatorg %33}, Photo detectorE S3 Eoj& W& =
At Th. AFR3E grating® Blaze Wavelengthe Excitation 300
nm/Emission 400 nmo|3, £3#% & Detectori= 200-730 nm
and O-order (200-900 nm with optional photomultiplier)e] %

HHE 7HK 3, Ex: 1.0, 2.5, 5.0, 10.0nm, Em: 1.0, 2.5, 5.0, 10.0,
20.0 nm¥] Band passE K53l 9+ R3788 Photomultiplier
tube(Photo—multiplier tube)® 7 <3} T},

B
1 oX

flo o fu

SN o
ﬂmtm

_33_



2.3 v A ZF/F A (Sterilization) &3

LI R EESh s S 4 Seel A7 AFE Y.Si07:Prt
Tube-type PhosphorE AH&saL, AatS AAS vAlzR/e =
FHe 7= G TE=AARAA Fuf D AT BAS T T 3
gde] FgHEe HE P #AP] Ho]2 Alexandrium Insuetum
LIMS-PS-2305¢] wj¥F5 vl wropA afa}qict

Hj Gk Rrol2- wjYFFE FUAY AU} s 2o =E BOD
Incubatortell 20 C, 30 psudlA ArjFS s}t

A wge AAZ FdxHAoZ B, O. D Incubator(4H-5-E
3, Korea, Low-Temperature Incubator)tellA Rdshon 9=
HHo B2E 20 mA@3 V@60 mWe =33 460 nm-465 nm<2]
WP AE 7ML JE Blue Chipo® 7|15 Alzlow, Ao AL
2% Tube-type Phosphor 10 7H¢] TubeZ}2dl 5 7§¢] Tubeghdl
Tube-type Y2SisO7:Pr®* film Phosphor® Y& ¥ nAxHES Y,
5 71 Tuber tlZTEHR ALEH AT

SAATE 12 A3bst 3 A1 F718 Fa SAEA, dds
Z 24 A7 FAIAIA ®Bdkt) A 9] Blue light source? Time
lossE =°]7] flste] 54 A& & @ Tube® FHEAT A
2 Inverted Microscopes(Nikon(Japan), ECLIPSE TS100)Z A}-&3]
A ZFe MATE =A-sH T Micro pipetS AFg3] 50 plLE
AAAE Slide Glass(SR Counting Chamber)el] "oty Z=3 30|
< o]&3l /MA+E Countingdtith. =T 5 3] ¥hEsloh

e

=
7
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A 138 UV-C Y3Si07:Pr®* vhehdd 34 9

T2 54

1.1 UV-C Y3Si:O7:Pr®" vtetg 3% o] P AR A

1.1.1 UV-C Y3SipO7Pr®" wutgd Ao ¥

[Z%. 1419 (A= obFd A7t o] FoAA] &2 Quartz(SiOg)
EHAHE YERd ARxlo|t}

Spin-Coatings ©|-&3}4] 2000 rpm-3000 rpme.® 20 *-30 %
o] FAAZE F0a, 300 TollA 10 3 12 dAerts AR F
9] Quartz(SiOz) 712 [29. 1419 (B)olA] &A& = Q. %7
e Quartz(SiO)Hlell FFA7F HdstA w” o] o] Fol A HAF
Y7 vebd S G0 & A}k

_—
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[Z9. 14] 71 #(Si0z) EHZ S AAAL;
(A) ZRA9 EHAH, (B) 12 €48 E A EHLH
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1.1.2 YzSizO7:PI'3+ ¥ H /‘ﬂ‘]‘?‘k]

A2 Y,Si07:Pr?t Bt sgA S [F. 2]04 AEZe ¥dS
&7k Szt s d tA 9 d Ulﬁ(CVMV K69)S A SAe
ojuxjolt}. (1)9] MZEZ2 Acetic AcidE 5:19] H]&= A|zte P
Ao, Center#& A9 TdFEs Foirzl o|wA| o],

R ARSI R B = °
o

Edgef-+2 ZAAFES &
3tal 2 Crackoe] 7+ A
£

HH B S o, vlAletar @
=2 Acetic AcidE 1:19] v]&=2 A|2st o]
542 (DF sYstA 500 wie] vj&= oA
Cracke] Holx] a1, AWA o= Uniformstal X|L3tAl IH <]
s Felssith

[2¥. 15]% Acetic Acid®] HEZ 5:19 H&= 3lo] A3
Y,SipO7:Pr?* vt gz o] RHAdelE 100 #lo] vl&= 3oisie v
el SEMo|u|#] ojth, [2§. 15]¢ (A)e F3FA =X 2 I35 o4
L7 wdsHAl m” o] o] FoX x| XF Ae gl & AdNeH, [
4. 1619 (O 2¥82 ¥19 Cracks Hrt} AUsHA geldk &
Ae 918 1,000 vl &R FAA FRlg & #4S it &
3 &

i o Lo

Adsl Sid A dgAlel Adel Aus

Y,SipO7:Pr?* 33 7F aoA] §Ade]l dojumr I3 Ao A
fiﬂ%}ﬂfﬂ A7 Aol Ad E:

S st [, 15]9] (B)= Acetic Acid®] TEE 1:129] H]
&8 sto] A% Ygslgo7 Prot ububesgae] FEAElE 100 i<
g2 gdigk SEMelw A olth. [19. 1519 (A)¢te tixd o=
A AFE AS Flstglon, 249 AEst xHAAHE B
s 5,000 o] wiER FAA AEAHe] FLE Sela] Hgrh
[2%. 1619 (D)elA & & ko] ATl o] Foxl Fite AAo]

1
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Acid

center Edge

[E. 2] UV-C Y2Si207Pr® wtet3 g 9] ¥4

Optical microscope image;

(1). Acetic Acid of 5:1 ratio, (2). Acetic Acid of 1:1 ratio
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SEM HV: 1500 kY SEM MAG: 100 x VEGAW TESCAN
Det: BSE 500 pm ’
PKNl.ln

2% 7 Oy
SEM HV: 15.00 kV SEM MAG: 100 x VEGAW TESCAN
e

Det: SE 500 ym
PKNU n

[2]. 15] UV-C YSi207Pr** ¥etg 3 A9 £ SEM image (x
100); A. (Acetic Acid of 5:1 ratio), B. (Acetic Acid of 1:1

ratio)
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SEMHV 1500 kY SEM MAG: 1.00 kx

Det: BSE 50 pm ’
Pmun

e
SEM HV: 15.00 kV SEM MAG: 5.00 kx VEGAW TESCAN
g

Det: SE 10 pm
PKNU"

[Z27. 16] UV-C Y3Si207Pr** utetg 349 W SEM
enlargement image; C.(Acetic Acid of 5:1 ratio) (x 1,000),
D.(Acetic Acid of 1:1 ratio) (x 5,000)
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1.2 Tube-type UV-C Y2SiO7:Pr®* utut3 3 5 9]
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(A= e =R 58 vadh ol xeoin] g5 g Al
2 AH7E Bets vehd AE Slskin (B)e oY 2YR
B f-F5 v onAlojn. ej¥e] 3y EI ;o H A&
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[Z. 3] Tube-type UV-C Y2Si;07Pr’" 223 33 ¢ emissive
layer Optical microscope image;

(A). Tube ¥ =", (B). Tubed ¥ =¥
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1.3 UV-C Y3Si07:Pr®" utut3 335 o] Cross-section

=]
24

AZE Y,Sip07:Pr?t vtabgsgae] 34 So FAE Lolry] 9
™. 1718 [29. 15, 16]9 H]

APA FFA e Cross-sections W3 SEM olu] A o]t} (A)=
Acetic Acid®] ®]&o] 5:1¢ H&S 72 dFAola, (B)E= Acetic
Acid®] HlEo] 1:19 H|&= AAE FFA oty Ak v &S 5i1=E
AZgHA)E 800 nme] FAE HFsta e AS &2l 8l (B)
+ Ak H]Eo] 1:1o]™ 600 nme (A)E™ 200 nm7} B gk AHS
2 Fdgd = due. x9Ee mAgE B2 E=3d B F@AT

DensedtA TAHE ZAS &g 4 A

off

¢
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SEM HW: 15,00 kv SEM MAG: 30.00 kx VEGAW TESCAN
-

Det: BSE 2 pm
PENU n

SEM HV: 15.00 kV SEM MAG: 30.00 kx VEGAN TESCJ\':

Det: SE 2 pm
pmmn

[Z¥. 17] UV-C Y,Si,07Pr*" w2t g3 ¢ Cross-section SEM
image (x 30,000); A.(Acetic Acid of 5:1 ratio),

B.(Acetic Acid of 1:1 ratio)
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1.4 UV-C Y;Si207:Pr*" uta- 3 331 ¢ XRD £4

Sol-gel & ol43 o 1300 ColAl 2 hrs-4 hrs <t E4o] o]
Fo)Z UV-C Y5Si,07:Pr”" Bt Aol XRDEH djdFHE [2

2. 1819 YERda, XRDEZE 19 JCPDSUoint Committee on
Powder Diffraction Standards) card # 38-0223% H|nl A3k 4
Folth, A7) YoSiO7:Pr'*t o AAFRE [F. 419 Zo] uvsgton
AL ARTE oA Aol HAD AAFE A (Triclinic) 7-%¢]
P-1(2) &3aHAA AAFEE J7RIA. [2d". 191 47
Y,Si,07:Prite] mAe] L olr),

JCPDS number Crystal Structure Space group

38-0223 Triclinic P=11(2)

[®. 4] UV-C Y2Si;07Pr* 2@ F Ao 7+x3 E4
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100
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0
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[ -
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20 (degree)

[27. 18] UV-C Y2Siz07Pr® 2ty 4o XA 34 sjd
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[Z¥. 19] Y3Si20,9 7% EA =
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A 24 UV-C Y2Si207:Pr* uhu& 34 9

3

ofd
o

]
A

[

2.1 UV-C YzSigO7ZPI'3+ wtakd 333 2] Down
conversion PL / PLE £4

(27, 2012 Y,Si:07:Pr®" vt g o] Acetic Acide] H7h vl&
of W2 Down-conversion PL 2~ EZ o[t} of7|# o 7= 220 nm
2 FAsg om Main peaks 267 nmolA UERTE Prit o] 29
5780l A A5d 4f-5d Mol o3 FoRE A F Art. Acetic
Acid®] HAH &L 1:19] v &2 A#e ey FA L I8 T 5
gt o]= GAC(Germicidal Action Curve)d] Matching@& o,
°f 95 %ol e ddEa &S Basta e AL=E Qs [1H.
21]2 Thin film-type®} Powder-type Phosphor® #3%% =A%
vl 3t PL ~#FEZHo|t}, Powder-type Phosphors 275 nmé
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film-type tiH] oF 2 W7} 37t ek Ao YEhd RS &9
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Blue Shift#7ds detda dsdvh. o8 g o|f+ Thin film-type
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Particle Size7} && Aoz & 4 9t} (29, 22]E Y,Si,0.:Prit
e g e] PLE A Edott, & g2 220 nmoll 771
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(a)—— Acetic Acid ratio 1:1
(b)—— Acetic Acid ratio 2:1
(c) —— Acetic Acid ratio 5:1

7\9x=220nm

(@)

PL Intensity (a.u.)

(b)
(c)

T T T T v T v T v T : T T I '
240 260 280 300 320 340 360 380 400
Wavelength (nm)
[Z2%. 20] UV-C Y3Si;07Pr*" 2ty B3 A9 Acetic Aicd?] F=d
Down-conversion PL 2% E&
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PL Intensity (a. u.)

B 8 nm
b/A\'\@  Besnit

Normalized PL Intensity (a. u.)

2 20 20 d0 @ 0 %0 W W
Wavelength (nm)

(@) Powder
(b)— Thin film

(a) Aex= 220 nm

(b)

240 | 2(|30 | 2é0 I S(IJO ' 350 ; 34110 | 3(|30 | 32|30 I 400
Wavelength (nm)
[Z]. 21] UV-C Y3Si;O7Pr*" 2% & 99333 <
Down-conversion PL 2% E &
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PLE Intensity (a. u.)

—— Thin film

4 T : T " T
Z00 210 220 230

Wavelength (nm)

240 250

[Z9. 22] UV-C Y;Si;07:Pr® u-9& 34 ¢] Down-conversion

PLE =9 EH
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2.2 Tube-type UV-C Y;Si207:Pr®" u}u-3 33 ) o
Up-conversion PL / PLE &4

[, 23] Tube-type 938 3A 2] Up-conversion PL &~HE
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PL Intensity (a. u.)

—— Tube-type Phosphor
Y,Si,0,:Pr*

Blue LED A_ 464 nm

- T - T - T
240 260 280 300

—
320 340 360 380

Wavelength (nm)

[29. 23] Tube-type UV-C Y.Siz07:Pr® et 3 A o
Up-conversion PL 2HEH
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100 - 50°C@97%
100°C@93%
é 90 0
© | Tube-type Phosphor] 200°C@85%
{v‘ {Y,8i,0:Pr*"
= Blue LED Aex=464 nm
o 80 —200°c{1)
- @ ——100°C {2)
o — 50°C3)
- — 25C{4)
o
> 704
)
=
60 1 T T T T T R T
25 50 75 100 125 150 175 200
Temperature (°C)

[29. 24] Tube-type UV-C Y2SisO7:Pr’" ututd gz o] &5

Up-conversion PL % FE =
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PLE Intensity (a. u.)

[—— Tube-type Phosphor]
Aem=267 nm

T T y T y T ' T -

400 420 440 460 480 500
Wavelength (nm)

[2¥. 25] Tube-type UV-C Y3SizO7:Pr®* u}u}3 33 5 9

Up-conversion PLE 23 E ¢
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[2%. 28] Tube-type UV-C Y.Si;07:Pr® et 3 A o
AZF SAHAR(UV-C A7 HA)
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[2%. 29] Tube-type UV-C Y.Siz07:Pr® wutd 3 A o

HAZF SAAR(UV-C &F 24 AT 3 H)
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