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® 9 FN(CaF)dZEF Wido] AE = it 2ol disle] dn|Z3 R, JEEY 2 B2 EA S sl 25
o viAlE FFS AR U cavitys] FF2E bubble®t 2RV E Lk FTPEN negative crystalo)
312, 53] negative crystale] Ao 1§ ARAJE 2, UV-Visible 3HFd Gl A ¢f 3 %2 T3 Astd o] U
Ebkeh S APURe HEELS F2 WY cavitydl EAEE WDX BHE F3l9 #AF 4 AU Violet
colored 272 non-colored 23 <l H|st] WAL=} 30} HE w2, EENA F o] 2o} & Cast FO] €87}
eERgIT). o2 @t AFAR F ol 9] £F202 st A4 violet 4340l TAHUE HR 0w & £ 99t

Abstract The internal defects in CaF. single crystal were characterized by the observation of optical
microscopy, the element analysis and the transmittance analysis. In bubble and negative crystal which are
composed to crystal plane of (100) and (111), the spread negative crystal in CaF; crystal gave an effect of low
transmittance. The precipitates formed in bubble as internal cavities were analyzed by using WDX. Violet
colored-crystal had higher a dislocation density than non-colored crystal, and the atomic ratio between Ca and F
changed by poor F ion. In this result, we could determin indirectly that violet color was occurred by poor F ion.
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FEE 23 9] R EA5h= B4k (light scatter-
ing)e] Y& F3ly] 9lsl, He-Ne laser(632.8 nm,
power 10 mW, manufactured by Uniphise, USA)E
ARl At FHitgto] BAFHE BYZE sampled
A&k Bubbleo] #AQE sampled laser FA}



(a) bubble

(b) spread scattered

Fig. 1. The aspects of samples for analyzing the
internal cavities.

(radiation)A] W ollA Fig. 1(a)¢} o] WAL A
(laser beam AM&-glo] §to2 &9l 7h5)0] Qs
239 713 A A, spread scatter-
ing(laser beam AMEglo] S<gtoz 2 Erbs)
sample-2 laser ZAIA] Fig. 1(b)¢} Zo] Vo] Alglo] 2
AHe g n2A Al 04 dgsigct. 4 28
< disk FeE AR Fo] BEAnE 1pmel
diamond slurry2 HZdvlsle] 24 sampled A &3t
Atk AR Bdr| 7 (Olympus, Japan) &2 79 3
8, 28l 271& FFsIP o0, UV-Visible FHelA
T3 9@ Fo] B spectrum EAE sk 3
spectrum ¥4 AL&-® 7]71& UV-Visible spectro-
meter(DMS-200, Varian, USA)E =389 200~750
nmellA4] 200 nm/min®] scan speed® #2351t}

L AN ZAshe &S (precipitates) & ¥
Agl7] 93l ¥AHoz Hag sample2 SEM(S-
2700, Hitachi, Japan)2.2 X & && FAlslgon, &
AEH el i3l WDX(WDX-600, Microspec, USA) 2
24 2 FFEAsigch

vpRlgo 2 AFHZA AF HAEE violet color-
ed 2F& 43U Aoz Adsin 1ume
diamond slurry2 F&dreled £4 sampled A %3t
At} Violet colored 2 non-colored sampleo] o5}
UV-Visible spectrometerZ o|-83led F3 @ F
spetrum< A3l FE EH4L Hrleddh
Violet colored 23] dopping ¥ S ols) wA
E AAAE LolE7] Y5t WDXE |83 JEEY
< 3193, EPD(etch pits' density) &% & slsic}.
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AR (solid-liquid interface)e] H&sHA HeF AXF
A9 FxY =7h F9 32E W) EE A
S3llof & Aoz Algdr). a8l ARE st Bt =
Y Aok A9 3HE Bl HE cavity ¥g0]

g o @adn,

oHE light scattering 849 9212 negative crys-
tal A, cavitye] 4F 22 bubblezhs €8] 2 =77}

Fig. 2. Photographs of the internal cavities (a) bubble
and (b) negative crystal.
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Fig. 3. The transmittance of spread scattered crystal
in UV-Visible range (200~750 nm).
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W cavity7} UV-Visible 3+ QoA F2}-gof o]
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Fig. 3¢l AA13%c}. He-Ne laser(632.8 nm, 10 mW)
2 #ld light scattering Aol ZF R m2A
7 spread scattering 273 & W cavity?} gl 2%
Bt} B3-go] UV-Visible I GoE 3% A=)
FEa-gA a7 AU o2 A2 U cavityd]
2z717b #4 pmdl o|27] fid] mge] L yUv-
Vislble(0.2~0.75 pm) FgolA 224 HA negative
crystale] ZZ U Poj E31g Y| B E FUHCR
BHAIA E34ES A A7 dES 2 AladTt;

3.2. & (precipitate) ¥ 23}
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A 92 dct. 49 15 um 2719 cavity F
£ WDXE EA§ Z3, Table 1 AlAG 9480 o
& BHXNE 4& § AUt B A daiA HA
XRF(X-Ray Fluorescence)& ©]&3ld 2494g &
A7 Fo 713 Zo] Sd Yol gisld], WDX £4

25 kv x2.09

Fig. 4. SEM micrograph for analyzing the precipitate
in bubble.
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oz S}, Bubble 8] SAlsle dEAHQ S
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o] 1:29] 3}3tFEA xAo] ohd 111582 F 47t 2
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Table 1

The elements analysis of bubble and matrix portion by using WDX (unit: atomic %)
~ Elements Na Mg Al Si Ca Cr Fe Sr O F S

Bubble region 3.9825 - 0.1208 0.0048 30.5318 - - - 195170 45.8125 0.0306

Matrix region - - - - 38.7864 - - - - 61.2136 -
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3.3. Colored crystal®] B2 3}

Violet 43S Xgsle 243 non-colored 23 2
2RE Ad3 FeAvte sampleo] ldl UV-Visible
SN T L F4 spectrum A TS FEsIP o,
°]& Fig. 59 A Bttt dutd ez felu A3 A
Foll Yehute 432 &4 spectrumel 2] & Zo| opd
119 Yol 2]% Fotd, Non-colored AA 2] 750
7RGl ZE st M F spectrume] glx
4e 2% FIAH RAREAES ¢ & gden,
violet AAe ZHPdle 488~590 nmolAe F
spectrum(FA L =34 Jo)L PJstn 299 o
AolMe FH8IY7] 2ol vioclet M-S =HA €&
¢ AN A o] YelogEs 1) Jole BE
ol 2o 27t FFo] #AH o] o] electrono]t
holeo] trap=] A=l A7 2) B<cE2l doppingd
ojs) BB Bl UtH71. §3) CaF, B33 oA
A5 L= violet Aol thste] 1)&] o)s) Ay
" AYE Bustn JYrH7]. Violet o] Ueht= 7
FE F2 AR EA7F Fa9delt}, & CaF, 2
BRZA AATAAF NN 1) ARAEE7 waAY 2) A
3ol WA Tt wE oo SgL ) vA 434
=7} w273 -l Fig. 69 (a)9 2°] 37 68 mm 2
BAZA BAAEEE 5mm/hrE 1S ), FAd
violetA ol FA4=Eden, (b)e A4 150 mm 2HA
BN BATF AN BAZ 9 ASoln] A%
H2] 2 Aol violet M-S FRF 5 99k
CaF,= §3°ldt uA7t EAsle 25 1147°CollA
% F ol2°] AAURE fAAL AREA o158
B Zoll5], A 4&Ee} Y4Eer) meaE H$ol F o]
ol ATz o] Ao YA skx] £atn 2 #e)
A 33< F9F2.24 electrono] ZFWel trap2 5
U B3-S AT ol WAy Aol Yehts Ao
2 Alg¥n F o]&o] 3¢ #4stn Y& 74
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Fig. 5. The transmittance of violet colored crystal in
UV-Visible range (200~750 nm).
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Fig. 6. Photograph of violet color formation in CaF,

crystal. (a) Growth rate: Smm/hr (68 mm in

diameter) and (b) Growth rate: 2 mm/hr (150 mm in
diameter).

o2 golry| ¢5le] WDXE o]-83}4 violet color-
ed 23] Cast F 2 7]eled 4ol i3t 2u]8 243}
At 2 A} violet colored AF oA 2Adu]= 1:1.2
2 F o] 20| uj & BZ319t). ol Table 18] H&28
Aol A9 matrixol] g Q) 1:1.587= Z oS
Yeldidch E£3 F o]29 5 442 Fig. 79 etch

Fig. 7. Photographs of etch pits about.
colored and (b) non-colored crystal.

(a) violet
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pit AHRCA B nlel o] AYAE EHA] violet
colored 24 (a)2] #t(4.2x10* cm™)°] non-colored &
A (b)9] #(1.2x10°cm™) Bt 3u] o] #A Jeht
e dnes ¢ 4 ded, AFUHF F of& site7}
o] gl A E A4 AL WP o= BT 9]
& Aot} 3 Fig. 49 A7 FA violet 2% 2] £
o] ultra-violet(UV,,200~270 nm) 3¢ el F
A3 At A< RAFn Ao WA UV Fe7
E& CaF, @33 & A=k AaA 2, 53] violet
A%, g AAsE Aol FoPE H4PS Bl ¢
F it

4. 2 E

CaF, 923434 2R E o8 7R 9] A g
#sle] B4 2 FAEA S8 gsk o
A& A (light scattering)2 W3F9] bubble® negative
crystaloll 93le] TAE-g B 4= ey, 53] 1
Z9 3 negative crystale 439 EAEE 3% =
At 7= 89l0] HAth = tEA U PAds
= X289 7%l matrix F%o] obd bubbled} 2
W cavityell 2 EAEE WDXEAN S S HEE
Hog ¢+ glden, I HEE2E Ca0, Na,0 B
ALO;S) AFsHE3} CaS, Na,S 2 AlS,9] 33l&o| ¥4

2 F USE A48T 4 3UAT) Violet A4S 2= 2
9] 7%l non-colored ZFHc} AYB L7} H}o
o AEEA Ao 95l F o] o] uwj$ BEslgc)
olzigt AHE 538lo] violet H44e] WL F o]
H£0 2 vacancy siteZ A|F3, o]l electronel
trapHo] 2AE RS AEENA 248 1S §
3 & 4 Ut =} AL AT L] 8
oz mE AP PFET e} 44T BeE Ydro
A% AL A 4 U} Violet color= UV FH
ool FgAsle] hQleo] H7] & UV =9
AR & AZ3) 9481 color FUE AAsiordS &
T UATh
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