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Synthesis and Emission Properties of CaMoQ4:Th*"
Green Phosphor Powders and Thin Films
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Abstract: CaMoO4Th* green phosphor powders and thin films were successfully prepared by using the
solid-state reaction method and the radio-frequency magnetron sputtering technique, respectively. The
crystalline structure of all phosphor powders with different TbH* ion concentrations was found to be a
tetragonal system with the maximum diffraction intensity at 28.58°, while that of the phosphor thin films,
irrespective of the type of substrate, was amorphous. As for the phosphor powders, the grain particles
showed the chain-like patterns with inhomogeneous size distribution, the excitation spectra were
composed of a broad band peaked at 307 nm and two small narrow bands centered at 381 and 492 nm,
and the highest green emission spectrum was observed at 0.01 mol of Tb* ions. As for the phosphor
thin films, the average transmittance exceeding 85% was measured in the 400~1,100 nm range and the

optical band gap showed a significant dependence on the type of substrate.
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# o] BaMoQs, SrMoQs CaMoO,9} #2-& 334
EXo] £43% 2849 (molybdates) E2& ¥
ZA, #Holx &, A% HAEF7] (scintillation
detectors), 34 A Eoko] &3] AT AT/ B
o] A ot [1-3]. 53], CaMoOy &2 =4

a. Corresponding author; scho@silla.ac.kr

Copyright ©2013 KIEEME. All rights reserved.

This is an Open-Access article distributed under the terms ofthe Creanve Casmsons
Attribution  Non-Commercial License \llup\.. creaty IC 'EIGO)
which permits unrestricted non-commercial use, distribution, and rqmductlun in any
medium, provided the original work is properly cited.

o

FS 3l 3lFA (scheelite)® 24 v& (A% A
Ca)E RE Aoz <A oA, CaMoOs BHet
< FAR 2A, 1A dHeolA, ¥ LA AYA
(anti-corrosion coating materials)ell t}¥&tA &%
4 7] W&o Eelrdaity =4 PFA v Y
of A3g #Alol AFH AU [4].

AF7HA  CaMoO; &% d& FAH
(combustion synthesis) [5], &A% (flux method)
[6], 232% 27" (Chochralski technique) [7], 174
WS- ¥ (solid-state reaction method) (8], #3534
(complex polymerization method) [9]¥} & thst
o] osle]  FgAEol gou, ol sy
CaMoO; 834 ute} Azte] o FIE5S BA &
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S AAolg, gytyog weule Bdydom e FH
A AxE Jeldn 3 Sgog Age] 7] g
o % AR H|gd 5% BHTS e R
Busy gloy, & Wi mel ogg SA4E
Bolx gt [10]. Cui & [10]& @ 33 gy &
A8l Zg ol&E XEFse <ZE 49 &
= 999 wt%e EgBd 718%E GTolA
CaMoO; ®HeHe AZAIzlen, 33 230 nmE 7]
AN ZHE d 500 nmel] ¥F 9HIZE YeElUEA Z44
E¥dc 4 2¥EJL FFI}AY Gao T [11]
& &M NaClO 3F& H.0, £9%& F7135 n)719
v ] W9 (irreversible galvanic cell method)
A3t A4stE ddd IFH A Fx2E 7
£ CaMoOy ¥etg QA oH, 510 nmolA
ng A7IE ZE A2HEHE AASEL AR
Marques 5 [12]2 #A FIHE ALEstd F2A
(disorder)9} &A1& <2l CaMoQ; BHet2 Al Zstd A
2 g 259 Az ol dXE S8t #3F
99 470~820 nmol A 73 P ~HEH S HZ5)
Ko, o] W AT+ EF gdojg] 8AE (complex
cluster vacancies)ell o3t} YAFF Yt

YT FUY 2 APAHL Ze F4A d9ue
AAAN7171 1M dtate] 4y A9 Fz F
o APAHN d¥L v A TR A} F
83 Wgo|rt, oA vt 4G A MoO; £
|olg FHUAI EEEo] AT stsAo] ¥ b
B & d70AM= AL A%, AT 249 9
WA g ez FAEHE 2des  (radio
frequency, rf) "IZHEE 29Ey WP AL§3}q
kS JAAIZ| A} d) B o] 23S T j)x| o
ok A, 24 WeHE AMEEe] 23 ZA CaMoOsdl
Tb" ©l&9] =& AAHos 2§ ugste] B3 7
o] L 54 FFAE FAHske 9 Ak T o)
9 FEE st FAT AR Boe 2H Tz,
HH 34, 49 I3 2HEHS va BAste] HA
o Tb™ o9 =& AR} (13 EAZ, g
3 vl EE AHEHY WyE ALgsld ggd 7w
9ol CaMoOsTh* =4 &34 uvtukbs MAAA 79
o] Ffel e FFA viute] EH LS zASIYLH

fu
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2, &E WY

£ AT E CaMoOwl +37FQ] Th™ & HY A7)
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E Yo 37 Ca* o]eEg 27/ Tv* oles=
g ngstE PALS AHsigd. F, 3Cat=
2Tb* +Ve, 9714 Vae Ca W1z (vacancy)E U
Elfic), Ciil]--1,5x1\f[0043'1-\|:m:'1+ =4 PP B ARE
z7] 84 CaCO; (£%: 99.9%, Sigma-Aldrich Co.),
MoO; (99.5%, Sigma-Aldrich Co.), TbsO; (99.9%,
Sigma-Aldrich Co.)& 33 &2 FHstd &
Astgdd. oldl Tb™ ]9 & H|E 0, 001, 0.05,
0.10, 0.15, 0.20 mol= WA ZH o 33} yb-gA 2

(1-1.5x)CaCO3+MoOs+(x/4) TbsO7
— Cay-15:M004 Thy+(1-1.5%)CO:+(x/8)O (1)

oz Folzigh A7le %7] BEL AY AHLE =
Fate] o, ZrO, 23 A ZetiE Ho Yn
2EE F, 300 mme FE2 24NN 29
(ball-mil) && FPsA} Zr0, 8L ded o
o, £ B9 §9E& v]FAd HolA 40T2 A
Z7)01 A4 20A17F 2t AZEAY. AZRE ARE o}
AolE uatAbdk (agate-mortar)o] @i 7] dolA
80 m =719 A2 AU, Tb o] yruz
Tt 74z} GFujg Erhye] dol FRE A7
Zo A]dedt. FoM B 2T £52 52
AlA 350TelA 33Xz ¢ ska TAHE AAS F
o, =& A& AFAIA 1,000ToAA 5A12F ot &
A8t CaMoO4sTH A whule glr)o sl v}
Y EE 25EHY WS AMEEo F3 X 400C
AN T Fd 718/ (Fl, 49, Atgolo], d2&) 9
of F&sd 7|He o AHE, e FHFo &
M2 Z+zh 208 A =839 AHe dAsla, A
& 722 718 AASE AW ngde] 2
9. 2¥9HEY B 2AF Y3 BY ARE
g2 40 MPa®] &< 5% %< 7lsto A7 197,
A 15 mmE ZE A8 2744 (pelle)® A 2359
. ERAl 7] Alel9] zHA L 5 emE nA YO
o, 2¥Hay P %] AFEE 2EE HZ9)
ElH HEZE ALE38te 5x10° Torr o5z H)7]8t¢d
3, FHA 7|He 25E AH nAY Hel Ay
ol JE ZA PZE AEso 400CE 43549
o otz V2E 47 ANEY 729 wgy
AR AMEEAa, AAa BeHlE & EY sbxe
10%2 FA3H3th 72 %9 Fo Ave AEre
25%107 Torr2 TASIYOW, FY wute A= s
7l s1gte] AlE nAQdE 2HE L83k 10 rpm9)
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Fig. 1. XRD patterns of Caj15MoOsThy*" phosphor

powders synthesized with different Th* ion mol ratios.

£ AANI|EA FFA vt FAANHG.

FFA o wete] A4 FRE Cu-K. AR
(7 15406 A)E AH&ste X-4d 343 AA
(X-ray diffractometer: Shimadzu, XRD-6000)Z A}
§8te] A&z 10°0~70° FFelA &F 4°9 =8 &
2 FA8oH, 23 dAe] avieh 2W F4e
AAE FAEAE 4 (field emission-scanning
electron micro-scopy: FE-SEM, Hitachi, S-4800)<
2 ZAFSFS o

F43 @ A¥UEHL A= Y=ZE Jlow zZ
= #33 FxA (fluorescence spectrometer, Scinco,
FS-2)& AH8std @&t on, 33 uviete] F5
&8 Aol Hd-7HA1 #33A (UV-VIS spectrophoto
-meter, Amersham, Ultrospec-3300 Pro)& A}-& 3o
34 200~1,100 nm GGl FH3A Tt

3. @3 ¥ @

g 1 TH o2 & u] x=0, 001, 005 0.10,
0.15, 020 mole] Ws}o] wa} §4F Cay15MoOsThy”
A g AgE XRDE £A% Z23E veld Aol
o}, T o] &9 & nlo] BrAglo] RE w4 FHA

Fig. 2.

Surface SEM
phosphor powders synthesized with various Tb* ion mol
ratios oft (a) 0, (b) 0.01, (c) 0.05, (d) 0.10, (e) 0.15, and
(f) 0.20 mol.

images of Caj15MoO4The™

% A8E 2858°004 Hul 3™ A7 Zte F o9
gt AR ez <3k M7|E e 1848°, 31.08°,
34.14°, 46.92°, 49.10° 53.92° 57.88°, 59.38°0] F4l&
£ 34 9age] #EHAY HAE (112) HelA
WAag 3" waolw, FaE (101), (004), (200),
(204), (220), (116), (312), (224) Wolx 2 Hg u=
Eoltt. o] AWz RE FAS FFA ELS JCPDS
#35-0585 AAlf 3 AALE dAsPon, Fu A
Al (tetragonal system)e] A4 F+x=& 7}37& &<l
F 2. Tb" o2 £ n7} 0.01 mololA 0.10
molZ F7gholl wel F A mae] Al HAH
o2 F7Feted 0.0 mololA HAgE uERAL,
Tb* o] 29 & H|7} & F718el ue & A7)
£ oAHern FgAasqd. &H, (112) W] WA F
(full width at half maximum)e] Z7]= & dlo] I
Aglel 4Rt er, 1 g 9F 018} 4.

a9 28 AZ O Tb oL & vz FA4F
Ca;15MoOsTh 54 &334 FdoM 48 2
A qzte] ¥W ¥AS SEMoE #943% ARE Y
gl Zolth. 29 2a)elA BEo|, Th" oo F
YHA ¥ Aol 44 Az T 23 ¥
< Yehlidm, H¢ 27| dAAHSE 1~2 ym ©]
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Fig. 3. Photoluminescence
Cay- |_5xM(}()~I:'I‘bx3I
various Tbh* ion mol ratios.

phosphor powders

Atk Tbh™ o]&¢ £ 7} 001 moldl ZASol FF
A4 A= 350 ymE 2A Zbsgoew, TH o
29 & |7} tS F7Hgel wel 2A QAo =)
© ez #ZAse AFS A 010 mololA
HAe A7|E JeRdT. Atd oz AA e
Tb> o]29] & 8|7} & A9 N2 242 23
P2 Yeid g #58 + U

29 3& Tb” o] & u wiste] ule} FAg3
Caj-15:MoO4:Thy” &34 22e] &34 (photolumine
-scence excitation) 2% E# S Jebd Aol TbH*
o] 22 & 4|7} 001 molgl A ol 7o
A Ze] 52 nmo]®¥ 307 nmol T AE ze FH F3
2HEY FdiHez FF A7y vny FHa
492 nmell 2 E Ze 2AEYG 38] nmell HAAE
Ze - A2 A3 Ee] BEHY) 307 nmE A A
S = 3ko] 220-365 nm PGl AAA BHYEA B
= FF AEE T o] &d 98 4ffs4f'sd' A
oo Al WAIg Hs MY W= (charge transfer
band)e] i, Fx}o] F AFE Fo|A, 381 nm +3F
A2 Az ThY o] 29 F—"Dy dolol| o3 way
g Zloln, 492 nm BF AFE Fe—"Dy dolo 9
3 WAG Az olrt [14]. T o) 29 & nH7} 0.01

18 § 267
ﬁ.n=3 07 nm 5 D‘_r FS
5 7 5 7
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gL eama /N
= |
= ~D0.15mol |
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= |
L2 ~0.10 mol
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Fig. 4. Photoluminescence spectra of Caj-15xMoQ4Thy™
phosphor powders synthesized with various Tb* ion mol
ratios.

moldl A 020 mol2 F71& e wal F F34 2sEeY
o Jae S Fo2 o 6 nm °|F3A 1, A7
£ A Zade 3FE YA o] e F
% 4% (concentration quenching) &#2 <&#A 9l
on, Th" o] &9 & H|7} F71e] wel o] & Ajo)
o] A7t 7MAHAA N2 e o] FEFHO
2 A3t 43 A7IZF dA3] gAdd (15 F
H, 492 nmell HA32E 2= FF A2HEY 373 9
MatA] gkoy AVle AL F7kstd 020
molell A HHgkS Yepdded, 2 271 001 mol
 vlwg of oF 108} F7}sEdict

a2y 4% B3 307 nmE 7] A7 T o9
Zulo] @& Ca15Mo0sTh 54 #3dx Eoe
W33 (photoluminescence) 2FE& S el Zo|),
Tb* o] &2 & u]7} 001 mol?l 7Z$ol, Hax 2o
= BF A7|17} AlY Zg 550 nme] I IAE e =
A dga ddiHoz w3 A7|7F k3 4949 591
nmell FIZE Zte N3 F4 wg ANEPSo)
7} AEEAU o] BF AFTELS Th o] 29 D,
—F; (=4, 5, 6) Mol s wBE Az ESo|r}
(16). F34 *x 2HEede D-"F, Hold] o &
WF Agoln, x4 Bg AAEYL =59 93 D,

ok,

A=
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Fig. 5. Excitation spectra of CapssMoOsThogs® phosphor
thin films deposited at various substrates. The inset
indicates the XRD patterns of the thin films.

—"Fs "o| 2lzoln, M wB~AAEYL D;-"Fg
oo g Wik MNzolry B AHe Ao Th”
o] 2] Fx7} 001 mold wl 7 73 A7) w3
NEEo] BEFYon, THY o9 ¥wst A F
Z}gtell uiel 433 AHERS] ANZ|E FAHoE T
289k TH o] &9 2 u7} 0.01 molgl 7 $-ol ¥
A 020 molgl ZA$ol BEE A W33 2¥EY =
AN =4 F34 2"EeY AT Z7 31, 21,
358 ZAdPLE o] A= w3} A7)7E ZAA
Tbh” o] ¢ s WH3 A BHEH Qon, &
2% @4l o8l gaste Aoz AN 4+ Utk
a9y 5% 2% 9—5 400°C 3k AF2 F<{HH] 10%91 A
o3 719, F frEl, 49, Alglole], delE el
R Caugstooa-Tbo.oas =4 PgA wore) F3
29 EYS el Aot 7|#e] FHol #TARL]
RE gyx uwere] Ao FF AIZF ZAd 270
nme AH oz ¢ 217~330 nm FHe AAA F
WA BExse FH 3 2"Efe] #AFHIAU
o}, F4 29 EH AH7|= Aldold], #E, HEE
Mo 719 9ol FHE FBA Ao o2 F1E
A3, Mg 713 Hel FFAA FF =HEZ A7)
= Abmjolo] 7] ®mo} < 51v] FHEE & F
otk ol AL A & 7@ FFA ureh Aloje] A

1, =270 nm D-F,
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Fig. 6. Emission spectra of CapgsMoOs Thogs® phosphor
thin films deposited at various substrates.

g a Ax ¥4 (lattice mismatch)el] 2§ z}o]
g5 Aoz AlgEn, SaE FFA vhete] 44
TFxE 129 59 AY 2o BKo], AHed 7%
o] Fiol #AIgle] HAAZ A=Y

a9 62 g 7|9 9o AAE CapasMoOs Thyes™
R ] gtaks #4270 nmE 97| AL W #S
g 23 2H9EyE Yeid Aot 7% FH
#AIglel, 43d EE FEFA =g 43 A7)zt
]9 2% 550 nme] FIAE ZE FM 4P AHE

dap, 71 Lo 7% 494 nmoll HAE ZE A
Wy A~HEHD JuHoez F A7 AY G
5919 625 nmell W =2E zte 7t7F FEA H A 2
B AHEHES0] BEHAG. o] LF ANEELS FH
A B2 ABoA de Anet AT AHAD 7]
& Slol Fg FFA uiere] AS] Y ZE F
A g ~AEHo AZHJYG, FA $F 2HEY
o] A7l diF =4 dF AHEYPA7Y HE F
2], Algtolo], A<, A E 7|AE AR ASel F
7} 2.8, 3.1, 3.9, 4.0°] At

ag 72 AYA-71ANE BFAE AL A=
02 718 9ol 233 CapesMoOsThoes BHA 4}
oo A ZAE J3 F5eH FE 2HEYHS Y
Bl Aolth Ha 719 ol F2E FFA utete
&4tk (absorption edge)oll ] &FF&-E 317 nmoll A
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Fig. 7. Absorbance and transmittance spectra of
CaogsMoO4Thogs®  phosphor thin  films deposited at
various substrates.
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BEHALL, Algtolojgr Mg 7% o FaE 4y
o] F4ee ztzh 2729 270 nmoll A JElgtc). o
48 T(%)e 33 F5& Ao A, T(%)-=
10°4e Agstd 2R 4 o [17], 43 A4
400~1,100 nmell Al 1 gk A9, Almtolo], f& ¢
of F2r¢ ulete] 7 9o 7}7} 85, 86, 83%°] Ut}

chFs 713 flol 2B CapesMoOs Thoes® et
9] #3% “JiE%L’ A= Tauc 23} AF T,
(ahv)* = A(hv—E,) & AH838te] £ FF J90A
A48 ,-,lE’r [18]. 7] A= “"L-“i‘— h+ Planck
B, s QA AL YA, B B8 M= 4
Yzlg Yerdt

28 82 zHE YA #A YA by, yES
(ahv)?2] Foz AHEste] 43 dolHE TAS
Aot} ol & WME=Z oA EE 29 8dA
dole7t 8438 F7iste 59 999 g 71#
2 gFe A8 32 duA wE Yele 2Fo=
AFete] 2353 s Fow AAIYUCT FE 7
& Qe vtekg FHF F o] = dyAE 403
evellen Mgz Alslolo] 7|@S ALEE A 9o
HEN iz = Z+zE 478, 479 eVoR Z7}31g ).
°f &2 Lei & [19]°] 38}3t &1 ZZ¥ (chemical
solution deposition method)$- AH8-8Fo] A &3 CaMoOy

m

40

5 Quartz
¢ Sapphire

0= A CGlass

(vhv)? (x10" cm%eV?)

1 L 1 I i 1 L 1
3 4 5
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Fig. 8. Plot of (ahv)* vs photon energy hv for the
CapgsMoO4:Thogs®  phosphor thin  films deposited at
various substrates.

sore] W= oux F&e 418 evel wl&ahaL).
of ARE FF A AgAE 71w FH wal W
=4 UAst AAE Aold YErEL AAeH, of
Ae FHY wus 7B Aols) AR BAGe A7)
s A% Aolel o3 wAY 5 Ut

4. d B

g WS AMES] A A o] Tb¥e & ]
Z W3A7IEA Ca; MoOsTh 334 Eoe 3
datler, 2 AEE ZY22 455 AL A
A3 a, By nfadEE AHEY WS A}
&3] o gFd 718 9ol CapgsMoOs Thoss™ &%
dtuaks QAAstAch 332 B2 9o, 844 o
& Tb"e & o] wE Pz A 7=, =9
B LG EAo vHE 4TS zAEEY ¥§%
A AEE TH" o|2e Euld @AYl F vae
(112)8e A s|HE Aoy, A FxE= AW A
g Yehgdo 23 dAe =Zre T ojLe =
H|7} F71ske] wel AwtHow Zaste AL w
At &% 2HEYLS As Ag W= o3 YA
d 307 nmE F4Ho® He FF 2HEHI 38],
492 nmoll FIE ZE uj$ G NI BEEHYo
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o, wd A7)7F AY 2 550 nmo] ¥aE zte %
A wrge Th* o] &9 & H7} 0.01 moldl Aol A
A5tk CapesMoOsThoos™ 54 R34 whupe
Z3 &% 400Ce Aba E<9hv] 10%0A4 2], 49,
Alstele], ] 7| Yol zz dF=Aen, F3
A evture] F@ AdEYL v|He] FHol #AN
EF3 A717F 248 2710 nmE Aoz FEYT 49
o £¥se FH F4 2dEYo] BEHJoy, v
uto] P& £7&E 8% o4 e
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