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Abstract The conditions for chemical polishing and etching technique were investigated to reveal surface defects in RE :
YAG (RE=Nd", Er'’, Yb™) single crystals grown by Czochralski method. The optimal condition for chemical polishing was
in 85% H;PO, solution at 330°C for 30 minutes with a specimen fixed in the vertical direction. In addition, the optimal
condition for chemical etching was in 85 % H;PO, solution at 260°C for 1 hour and 70~80 um sized trlangular etch pits were
observed on (111) face As a result of defect density analysis, 1.9 x 10°/cm’ for Nd(1 %) : YAG, 4.3 x 10’/ecm’ for Ex(7.3 %) :
YAG, and 5.1 x 10%/cm’ for Yb(15 %) : YAG were measured.

Key words YAG, Chemical polishing, Chemical etching, Etch pit density

31513 polishing 2 etchings 53 RE: YAG (RE=Nd", Er”, Yb*) ©24
o] w9 ZH3 A

MER, 2|, olg=!

gh=sletd e, wekls AAE, i, 34114
*F)lE o2, 1A, 21635

(2016 6¥ 159 H)

(20169 7€ 1Y *‘/\}ﬂg)

(2016 79 22 AAEA)

2 o Czochralski o2 4§43 RE: YAG (RE=Nd”, Er'’, Yb'") @242 ¥ AL =43} chemical polishing
2 etching 27191 s} 1/\}‘3}913}. 27 9] chemical polishing 272 A|HS 2] Weoz 3L 85% H,PO, £
oA 330°C, 30& FoF FaPst Aok 3 A2 chemical etching 27 85 % H,PO, &4 260°C, 117} &<t %
3 Ao, (111) Holl 70~80 um 2719] M2 etch pitso] #HEHAJG. A Dx B A3 Nd(1 %) : YAGE
1.9 x 10°7}/em’, Er(7.3 %) : YAGE 4.3 x 1070/cm’, Yb(15 %) : YAGE 5.1 x 10°7]/em’E =4 H At}

LM B [1, 2].
Doped YAG AHES $718 =, core-drilling, cutting,
2B ZZ2A yttrium aluminum garnet(Y;Al;O0,,,  polishing®ZHE T &go] 2As}, ojzgh W &

YAG)YE =2 EAEE, 43 22, 38ty EAS 7 S 2904 wet chemical etching® 2 714 S A)| 7]
23 7] w2 Nd, Er, YO 5o JEF -Lig 2 dva dEA ghok 23y #3219 etching %
A 3el= oA Ao ol AHFslt) 37k SEFE N = Nd:YAG 2749 uPZZE: layers A S= chemical
|23k YA t 4 eﬂ 14 AE, FLA, ﬂ%aﬂolaﬂr etchant= 800°C °©]’d<] -8 “d¥i¢] KOH, 250°Ce] &=
se ye ool 98° shal Za é;l 471 AZOIT  (>40 %) HCI[3], 55 H,PO,[4, 5] 2 H,PO3} H,SO,

o] =3 &6]e= 1 57t Algk etk 200~250°Cel|
; : A AR YAG Z79] chemical etching HIZZ:
Corresponding author ] A
E-mail: leeyoung@krict.re.kr layers A|AT Bt olz} AA o] FAE 9 etch




132 Jang Bo Shim, Jin Ki Kang and Young Kuk Lee

pits FAH R A2 TH7]. Zeiv A7 H,PO,
S AH8-31d chemical polishing ¥ etching 7191 t3]]
ZpAsHAl A-gE Bale fIAT

2 AFoe HPO, &dolA 2kof A7t wE
RE : YAG @274 3EHe| chemical polishing?} etching
sl tiste] 3ASIUL RE: YAG A4 A3 ¥
%= (Etch pit density, EPD)°l tfgh A% AHA|5IATE

2. A8

B Ao =4 AlHE Czochralski 0.2 A3AtE 2173
291%1¢] Nd(1 %) : YAG, Er(7.3 %):YAG, Yb(15%):
YAG ©A30|a, Ao body FES 2R 4F
W <111>0] A FA 1.7 mme] v= JE
Z Adsle] g lappingdt § chemical polishing}
etching 2 AT}

Axre] AgrE dobrEr] $Ig chemical polishing@
etching® =5 85 % H,PO, £942 A8-31 2™, chemical
polishing® %5 330°CE A3 Aol A17-& 20
T, 30, 40080 WHIIA AT BH JEE ERlsk
oh. TS AJHo| bath vigol] 3 R FHEHA XS
Gkl teiM = 23R T. Chemical etchingS A7+
S 2080 = 1T AEelr 225 220°C, 240°C,
260°CE2 W32l A £55 260°CE 23 ol
A AIZEE 208, AR, IARE 30RCR HSAR] Al

¥ A 2 etch pit A2 IS

Chemical polishing ¥ etching $¢] A% xW 4
2 EPD =42 Optical Microscopy(OM, Zeiss Imager
ZHZ AAEIRAL, FIAl 3742 Field Emission-Scanning
Electron Microscopy(FE-SEM, Hitachi S-4700)Z 4]
ST

3. &5t A nE

=24 A1H9] lapping HS chemical etchingdt & %W
FAE A9 HHA, scratch E2]0] Eo] HolQlal scratchE
Wb etch pito] T SAIEIATE o] FelEes Hgh
EPD®] 70| =3 FEsh= scratch®t mechanically
deformed layerg §lol7] 9IsiAl= chemical polishing
o] a3 oz HAGEL}

S. Maekawa 5[7]2] 330°C, 20%-2] chemical polishing
Z71& F=Z chemical polishing®] &%= 330°CE 3L
Aslar A7k Makst Al FHe] OM ©JWAIE Fig.
1o YERAATE. 330°C, 20%-2] Fig. 1(a)e wire saw®
Aekgl &2]o] ol Qe A0 = Hol chemical polishing
zAozE F=3 EATh 330°C, 3082 Fig. 1(by=
wire sawz A& T o] §lojzl Ao =Z B} chemical
polishing 2718 WS & & USUAL dissolution rate
= % 4 um/min SAFATE 330°C, 40:%29] Fig. 1(c)=
AAHoZ FAgal= FEHOR OF 300 ume| 9]

Fig. 1. OM images of Nd(1 %) : YAG single crystal polished in H;PO, at 330°C for different times: (a) 20 min, (b) and (d) 30 min,
and (c) 40 min. The specimen was fixed in the horizontal direction - (a), (b), and (c) and vertical direction - (d).
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Fig. 2. Nd(1 %) : YAG single crystal etched in H;PO, at 260°C for 20 min: (a) OM image, (b) FE-SEM image, and (c) tilted FE-SEM
image.

Fig. 3. OM images of Er(7.3 %) : YAG single crystal etched in H;PO, at 260°C for different times: (a) 20 min, (b) 1 hr, and (c) 1 hr
30 min.



134 Jang Bo Shim, Jin Ki Kang and Young Kuk Lee

Fig. 4. OM images etched in H;PO, at 260°C for 1 hr: (a) Nd(1 %) : YAG and (b) Yb(15 %) : YAG.
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