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2] v}, 3k EXAFS 28| Edle] ¥4 §3le], M MnO, AFHAIE A3 Mo-O 9] A3} 2]
9} ute] ] QlaKDebye-Waller factory= dA2] $- F3] 7288 o 4 3isich

ABSTRACT. Green-emission intensity of a Zn,,MnSiO, phosphor, which is a potential candidate as a
green component in PDP device, significantly increases provided that the compound is additionally heat treated
at 900 °C after solid state reaction at 1300 °C. In order to verify origin of such an intensity enhancement after
the additional heat treatment in association with the electronic and local structural change at around Mn ions,
the Mn K-edge X-ray absorption spectra were recorded. From the analyses of the preedge peak corresponding
to 1s—3d bound state transition and XANES spectrum, it is known that most Mn ions are in +2 oxidation state
and substitute Zn ion site regardless of the thermal treatment. In addition, EXAFS analyses revealed that Mn
jons formed MnO, tetrahedra with the Mn-O bond length shortened by 0.01 A and with reduced Debye-Waller

factor in the thermally treated sample.

M B .
1 3R 427k 7 o] 20 2 RE] WA A 9o’

w2g A A7 ZnSioss PDPO| A s3gle Zn,SiO; Mn AHE IAMESH LR Alxgt F §5
2 ek Aselvh! 8545 AslME S @il Ax=)shd w4 3o 7ot "848 Frieh. o)y
= WAHHm) 350 Cd o) e =2l 1-5 msel gk 7150 olfEA kR EAlEH] W3k ol 2e] 3
sgshs HF S ek sl o)E Adap) Aol +tz Wsls}7] wtelehs o] A7]=H
SlEle] ekst A7t ABHL Qlet 54 HE2 7 ob M e "7 F4 dA2)7) o lake ke
7k o) &e] A ATl 3d° miDE o]F o ¥ AAp whed gl wlA] pEe] WElel gk AAEh 24t
A 7Fs3P ZnSiOelME Aba Ahilg] dei= E4) A7} lek. &9, Barthou 52" 2H 53] w2 5

—636—




Zn MnSi0. S3A 2] 97h K F55 2] 3 1 2 637

)

o} ¥ pxe] wWzhs Avler A7) AaE o83t
o] ¥ "7k o]2(isolated Mn ion)¥} Mn-Mn %
(Mn-Mn pain\ > 25E] W5 3o ks 24t
dlo] Mn-Mn o] FAEm w]EAL o] A &
wo] FAZ F7IR Qlafe] B4 3P| Hx 3
o] ztopxlvtiarl B uslgic).

BT, AR A F AR $4 AL
Zre] wpslell mlxle edgkE W2k K Frddelre] =
2]l B-$2)(preedge peak)?} EXAFS HAM&- 53}
of ZALSITL B M olEiat AdE A
02 7)%&ska AlZo] XANES AAF BAF ARE X
geiglom 2 F e §5 A" FAe] F
A o] WhE Ao nAe g vl 720
wsle} qlatsle] BAskarat slgict.

1 o

oIl

HY gy

A™ X=. Zn, MnSi02] A4 A ALzl -
23 & = 9 53 g Veps W =
ol 7} 0.08¢HeIAt o]5HE] AS8H HT8= W43
3} 0.12(HT12)8] A|He Fukgw oz ) 23kt
2 EAe 77t 999% %2 ZnO, Si0.¢
MnOE opHlEol|A kst ¥ Z2A AT S+
7] 37l 1300 °CellA 243 sl e A
2712 2siglel. HT8 HTI2 Al 2% a9t
98% AlAie] FFF 712 291712 900°CelM 2417
& dxlels AAslgel. XA 31AE o) 83te] BE
Al o] ratetedst(willemite) 725 HA3IISS &
laksdct.

HEY WE AUEY &H, A= AE5o
o2 2% Perkin-Elmer LS50 %347
3 kg A9 ER gl of 7] A ERS ZHslg] o
of7] HAe] uirlEe ~j0usych I, 7 FA
(decay curvey> o37] F 0~10 ms Alol9) 7 A4
A ZHdelay time)l| X 20 ps Abole} 833 AM71EH =
Aslgom Az o A5ulE Fel7] Si3ld A7) &
AL 4 3] wHEsigle) &% - of7] A Fe]
s3o] A%l 10%E FAadhs d ALFHE Ao
AAsldet

A & AHEY &Y. 77 K Fre] 42
A F 2 B2 Eap7hE7) 907 4e] EXAFS A48
w2l (BL3CI P E431c). AElE (11hHE o

£
sl

g
%

il
+
%

¢

1999, Vol. 43, No. 6

45k o)F AR A 37| (double crystal diffrac-
tion monochromatorye ©]-8-8led HEAFRE- whA 5ls}ed
ovy w7k K Feut Aol Bal5(A EEyS °F
10}, o o, 2} Z3loh= 3" EB7IE oF 1S
% o] Z(detuning)dte] MAsFA. 7+ SHA| A &
2 kg o] 45lo] o) E BAJEIom ZeolA| e}
XANES °3%o] A= 0.1 eV 7123, EXAFS %39
A= 001 A ZHH 22 dolelE FH5sldch
e} Al HE A Esle] FpdolMe] F4= 717 oF
0.5~0.80] =5 slglon] BE FA> Akgelr] F
I B AAsiela.

dAM FF AHEZ BM, XANES AHERS
Frt ollR|ell 2] F 71 E o] 83l 174 Elated
om7 o]& o} B E(arc tangent) TR TARH
F XANES 23 E=lol|A] wjA] Zjdlz] E-9-215 &
2algdett o] 249l XANES 2% E3]2 FEFF6
codeZ’ o]&3slo] AAbsiadvl. EXAFS 4> FEFFIT
2 78] 0 80 MuO9t MnO, AAE BF A|HOE
ARgBle] o] Folzlet.

z
I & HE, Mn® o]2¢] 3d° Azl A=
TGy >°A(°S) Aol 2 QI3 A o] W& 7=
= 900°CIM 24|17 F]ke) ¥4 dAe] F Fvtst
Ach(Fig. 1). =3 AA AL 2xeM A3 PF

400
350 F (c)
300}
250}
200+
150 |

100 F

emission intensity (a.u)

0 n " ) L
450 475 500 525 550 575 600
wavelength (nm)

Fig. 1. Green-emission spectra measured at room tempera-
ture of (a) AS8, (b) HT8, and (c) HT12.
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Fig. 2. Normalized emission intensity of the green-emission
measured at the liquid nitrogen temperature, showing the

spectral red shift in the heat treated sample.
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Fig. 3. Mn K-edge XANES spectra of (a) MnQ, (b) AS8, (¢)
HTS, (d) HT12, (e) M0, (f) MnOs, and (g) MnO,.
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Fig. 4. Preedge peaks corresponding to 1s—3d bound state
transition of (a) MnQ. (b) AS8, (c) HTS, (d) HT'12, (e) Mn:Os,
(f) Mn;Os, and (g) MnO..
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Table 1. Measured spectroscopic and structural data of various Mn-containing reference oxide compounds and Mn-doped Zn,SiO,

phosphor samples*

Material Er(eV) E, (V) W, (eV) Oxygen coordination Oxidation
number state
AS8 6546.7 6540.0 1.9 4 2
HT8 6546.7 6540.5 1.7 4 2
HT12 6546.7 6540.5 1.7 4 2
MnO 6543.9 6540.0 19 6 2
Mn;0, 6546.8 4,6 2,3
Mn.O; 6549.7 6541.1 5.7 6 3
MnO, 6551.3 6542.4 5.1 6 4

*Main-edge energy (E), preedge-peak energy (E,), full width at half maximum (W,) of the preedge peak, oxygen coordination
number in the nearest neighbor shell of Mn, and oxidation state of Mn in each host.
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Fig. 6. Magnitudes of Fourier transform of (a) ASg, (b) HTS,
(c) HT12. Note that phase shift is not corrected. Solid lines
and circles represent the experimental and theoretical data,

respectively.
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Fig. 7. Fourier transformed Zn K-edge EXAFS spectra of a
Mn-doped Zn,SiO, sample. Solid line and circles denote the
experimental and theoretical data, respectively. Note that only
the nearest neighbor shell was fitted and as a result higher
than second nearest neighboring shells are more clearly dis-
tinguished in the experimental data. Also shown in inset is
experimental K-space EXAFS spectrum of the sume sample.
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A3 o|(R)Y valence(v)yE AlAES17] $15le] vty
22 43 o 22 AgAlE ARl
v, = exp(&%&[)

41 AlolM BA= bond-valence ¢lzfo|®] p= TE
Foll F5H 22 AREEE A (037 Aplet. B e

Tuble 2. Single-shell fitting results on the nearest-neighbor peak of Mn K-edge EXAFS of the Zn,..Mn,SiO, samples. Numbers in

the parenthesis are the estimated uncertainties

Mn-0O distance

Coordination

Debye-Waller factor

Sample (A) number (10-4A2) R-factor*
AS8 2.046(0.010) 3.85(0.51) 47(25) 0.02
HT8 2.031(0.006) 3.93(0.32) 30(11) 0.005
HTI12 2.033(0.006) 3.97(0.33) 26(13) 0.007

*Calculated from the normalized difference between the experimental and theoretical values.
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Fig.8.7Zn K-edge XANES spectra of Zn,SiO; crystal,
which are (a) calculated using the FEFF6 code and (b) exper-
imentally measured. Split of white line in the measured spec-
trum is originated from the bound state transition of which
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Fig. 9. (a) Calculated Mn K-edge XANES spectra of the
sample HT12 and (b) measured one. A preedge peak and
threc minor peaks in the white line of the experimentally
measured spectrum are related to the excitation of the core
clectron to upper electronic states, which are not involved in
the @b initio calculation using FEFF6 code. Unfortunately,
the simulation could not clearly distinguish the difference in
Mn-Mn pair and Mn-Zn pair at the next-nearest shell.
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