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W O® RAMUURINE USSR Ga# GdoOs WRHEK, UEKNTRN, HET GGG £5. MET
FULRIT R E8 GGG £ &, BHERNER &R Nd:GGG LU RRIEA KN GGG . Nd:GGG Hik
# X BTEMTEHE (XRD), MIREBSMERITHT &% 28, FIRITERNEH GGG BRERREMEH &
) Nd:GGG @S ¥UN, WREREMF &L Ga AT FELGH G MAT Ga®* Kk Nd* H4ET
oY G f, MG HSEER. FafRREnk 4t K Nd:GGG Rk GGG Rk & BEHTH
BER, Nd:GGG dEaRESHEM GGG RiExMRHEBEK, HHE Nd:GGG &k Nd*t G T
SM GA** L. BN BEMREESERESBROBESER, MAIXTELREHT Ga AHHELS
B GA®r HET Ga’t fiFF5IE. TR R Ga H5ME K £ & 13 BA & Ak Kt B b A vl 7
£, BREER &FEMREERESENIAVFEE Ga ANNER. RABALTIRE T EH&EH TiW1E Ga
HIHEER.

X MEL NAGGG; RisS%: Hilienk; &tk

FESES: 04714 XEARINE: A

I

Nd:GGG(Gd3Gas012) FARMRAHAEN T M, EFETREERK, B5/NEEKI RMORE. ¥
NEEPHRC, FERRT, SR &ETTH, et AR RORERMIIERE, i
E ISR RERER LR ERA 100 kW HRERE EEAEHCRBNIOETENR @,

ERIEER NAGGG SApdRe, Ga HoMIERAREERKMRT RAMEE. FF R AR
HEHNZRFENRFHMREYS. HEHRVEBERERE, TE—-CRE LESSEERT Ga A5 M
B, SCHK [3] BIRE T L Gax03 . GdoO3 HEIFE R, FAWMAMLITEN L, #H&BHT GGG ZHK
B BB ERUPRERER. A CRARMILITES L, LR Ga. Gd03 HEHFEKHH &5
T GGG Zdb[EH}, A X SN OO AR M & 7 IR RENER. BRYSEBEERITT BT,
FITT AR & Bl B A E K T Ga R — S, XRG4 KRR & MR E SRR R
A-EHERE L

2 L I
KR Ga(>99.99%) & T # Ik HNOs(14mol/l) 1, B —EWREW Ga(NOs)s B, B+ Gadt
QTR R EDTA #1 CuSO, EHEATIRE. MRS SN Gd0s(>99.99%) HH M T HNO,
H, Bl Gap03:Gd205=>5:3 BYEE/RHIR S TERRENIS M. K IF BB It MR S, UE/KBOLEN, BRSO
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M VAW R Sk R e, R e R Rt TR, K18 GGG UUERTIEY. Efid Bt iE A
WEUKATE R, BIRGIEWN PH (EIRISTE 8~10 210 B #F 2O B iE Mot 178 D UIE,
TR RIS KIE TR 6 R, F67E 110 CHET, FREBIE1R %] GGG RUBTIRMH R, AT T2 <& 1250 C
W 24 /NBE, BEISZIEES 1, SC5 BT AR ER A A KIS o o 4TS AT,

A SR B SR AR B T Nd:GGG BJERE, FETFRRATE 1250 C T Hesh 48 /IIHER LR tEdn 2.

HTHRAFR B S EURBRSIENEHEEL, RITHRIIEERY GGG &Ik N&:GGG &
BERUBYR, SAENEES 3 A1 4 BEATIUA.

FEE IR T8 A2 Philip A8 4 7# X'Pert MPD X TS OO B M #ETT XRD M &, Mot B
KRR AP,

3 HRUKITE
3.1 XRD Bt
B 1 AR ER SR GGG 2 &% 1, EMEREW NAGGG Z&# 2 . BAKEKM GGG &k
3 A% Nd:GGG gtk 4 By XRD [&i¥, HARF <+ 7 BATH I A REPREER TG0, F X Se 8 B 7 5 i
2500 | 5 GGG W RETR U AR, BREER 2 B ILAZRIES,
20001 | : AL GGG TSI RIFHF S, BT NEE T GGG &

—

Dol Ll s se th. EMREAEEIGREE 2 6 XRD IR T $5 GGG 8901
ol L e, e Gas0, B Ga0, RATAE ), SR
T 2 e R RT 2. RATGILE SO0 T,

0 _.JLJ L 900 ‘C. 1000 CHEEWFE:. B EH &M NAa:GGG 28R

RO S stk BB 800 CEARAY GGG %
Fig.1 XRD spectra of GGG powder and Hh [7]’ 7 [ AR {2511 2 B9 JROBHFE 1000 CoA FF 85 I R R 2
Nd:GGG powder (GGG 1 prepared by W, WAHEDIEEREN S SRR R RER. R
co-precipitation method, Nd:GGG 2 prepared by A} A) 5B %08, FRT, BIERMESERE R /W BEENREAE
solid-state reaction method, GGG 3 and Nd: FF#E Ga WIEE (8 AN AR ] (IR R E I A,
GGG 4 crystal grown by Czochralski method.) R T 2 — Foh 1 4% 22 5 T B PR A T 3

Table 1 The values of hkl , 28 . a.ns of GGG and Nd:GGG

Sample [ Rkl [ 321 400 420 422 521 611 444 640 721 642 732 840 842
1 26 |26.934|28.832132.323 ) 35.506 | 39.864 | 45.123 | 51.089 | 53.336 | 54.435 | 55.519 | 58.692 | 67.655 | 69.562
Gobs | 12.376112.376 | 12.376 | 12.376 | 12.376 | 12.376 | 12.376 | 12.376 | 12.376 | 12.376 | 12.376 | 12.376 | 12.376
20 [26.929|28.827 132.318 | 35.500 | 39.857 | 45.115 | 51.080 | 53.327 | 54.426 | 55.510 | 59.681 | 67.642 | 69.549

Gobs | 12.378 112.378 {12,378 [ 12.380 | 12.376 | 12.376 | 12.377 [12.377 [ 12.380 | 12.380 [ 12.380 | 12.380 [ 12.380
26 |26.906 | 28.825132.318 [ 35.502 | 39.860 | 45.101 | 51.064 | 53.306 | 54.434 { 55.516 | 58.687 | 67.560 | 69.133
Qohs | 12.388112.383112.382112.379}12.379 | 12.381 {12.383 1 12.383 | 12.383 {12.377 [ 12.384 | 12.382{12.384
20 26.919|28.816 | 32.305 | 35.486 | 39.812 | 45.097 | 51.060 | 53.305 | 54.404 | 56.516 | 59.690 | 67.614 | 69.520
aops | 12.376 | 12.383 | 12.383 | 12.384 | 12.384 | 12.384 | 12.384 [ 12.383 | 12.385 | 12.383 | 12.383 | 12.381 | 12.383

3.2 RRESXHHITEFNLTIE
RIE GGG MM ARMAT R U xFedh 10 20 3. 489 X STERATHIGHEITHEARL, RBHRIE AT RIS
AR P 2dsing = X V5L 4 (K, d HREEE, 0 RSA, A BASBRK), X TFLTRER,

e P P N N
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4 s LD BEigossik Nd:GGG FRHH & R4 567
= (A Mk IR 6 R EEE — RS LR E BB aons

d m(ﬁ* 7&’1(]‘%55@* ﬁ) #’E% pe EH

&, Wk 1 PR

MPALTERAR, d=

W—l—” 1E B sy SRS R, TLUA NSRS ENMETiEE Y

SEFEEGM AR, B 00 = 2 grr e auEN, EI1SIEA 6 R f6)
RERHERR, FL2% 6 - 07 56— 90° B, F(6) — 0. B % > 0, ITTEREuR /N T Ik oh T4k 122,
T LK 3 Bt S B4 001

IR A R 2 M PN N, I SO A PR/, T Ui T RH 6 R B0
FEAMEREL. (ER TR, RSO (11], 16 F AL SRR o St 7

f1(8) = cos?0/(1/sin® +1/8), f2(8) = ctgh, f3(8) =sinh —1/(sin®)'~*, f4(6) = ctg?d

f5(8) = ctgfcosf, f5(0) =tanh, f:(0) =cos’f, fs3(8) = (tan6h)t.

R 2 WET ARISMER R K JCPDS F 1 B+ 57 015 H & iy B AR A 8 89 Nd:GGG it By T A i
£, AEPIALES, B/ f(0) = ctg®0 EAIMNEREES, ERER/D, 1K f(8) = ctg®0 R HEFRAE
WIS R R, I ELE St R Bt i S AR S a2 9 L JCPDS & i tRiEmE /.

Table 2 The standard deviation of GGG prepared by coprecipatation method using different

extrapolation function and JCPDS

ShHERRE | f1(9) f2(0) f2(0) f1(9) f5(0) fe(0) f7(0) fs(9) JcpDsH
t =0.02 t = —0.02

FRAERZE | 0.00489 | 0.00499 | 0.01241 | 0.00475 | 0.00489 | 0.00659 | 0.00824 | 0.15270 0.82865

3 RRSHHNITE

K P SLI8 SR S aons AT SN R BUENE,

Qobs~

F(8) = ctg®0 1F A ot iR KA IR AR 0 A% S RO HER.

1.2380

f(8) HESMEER] 6 = 90° IRIBHHKRE S,
EE 2 F, B HABHSEESE ams X £(6) = ctg?6 1R, TR, EI2HRRFHEEXER,

SN ]

N 2
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Fig.2 Lattice parameter solution of (a) GGG prepared by co-precipitation method ;

solid-state reaction method: (c)GGG crvstal grown by Czochralski method ;

BB W &1

Czochralski method.

Hi [ 2 Frikis ey M A% S84 R InE 3 R,

(b) Nd:GGG prepared by

(d) Nd:GGG crystal grown by

M 3 ATLAE N, BEAMRE T EH S NdGGG £ &R

2 GGG ZRIFERK, BRANFEEMAPELE NA:GGG 2R EE, MEAE Gar0s
BRAE, IMEBSROERTREY Ga HAWIELE X, GadHERIE, —5% Galt Wi ALH Gd3+
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EE. BT G BERAT Ga¥T @R, MESESHELR, FRTRESETREEAY N &
RE|WHEFLEE/DE G Hx.

Table 3 Results of lattice parameters of GGG and Nd:GGG

Sample Lattice parameter(nm)
GGG (prepared by co precipitation method) 1.23762
Nd:GGG (prepared by solid state reaction method) 1.23779
GGG (grown by Czochralski method) 1.23830
Nd:GGG(grown by Czochralski method) 1.23835

BANEE RIS GGG BiE S NAGGG SRM SR S AL, NAGGG § kSIS 3 GGG
miARER, XEERHT NET FaBERT G2 B, B+ N3t B FE4EH 0.0995 nm, B, Gd3+
BB T 0.0938 nm Kk, EESBESETA, I N BRT G . BSNEAMLED], koS
SHHZEMRORESEOR, WETHR, XHARTREERS Ga AoMELSIRY, Gd* HiF
Ga™ RER05 12 & IS ki 25 2.

4z ®

FICRALVLEITEHRET GGG £ dh, MR TR EHEN GGG LK, EMHEHEN
Nd:GGG Z@MBIIEERKE GGG, NAGGG &k X HAMHE (XRD), HEMIMEELBRT BT
AR SR FRUTIE AN E AR & 00 2 G 0 S R 2055 B 1.23762 nm H1 1.23779 nm, EARRH &89 &
BEREKR, TREBEMK IR Ga ASNERSIE G MR Ga® LR Nd* #RT Gd* prs
&, FEAEEKY GGG &AM NdGGG SRR ¢S I& S35 504 1.23830 nm 1 1.23835 nm, Nd:GGG
A RB IR SR A GGG RIRE SIE SRR, HBITERRFR N H3IE T O G #8561, Hoh, &k
RS R SRR, TRERHTF Ga ANMELIH GA® HIET Ga+ fF3I&E. T,
Ga RBMIEMRARE GGG MR E KB FEHIYN — N EENE,

EEH -
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Study on raw material preparation and structure of
LD-pumped Nd:GGG laser crystal

SHAO Shu-fang, ZHANG Qing-li, SUN Dun-lu, SU Jing,
WANG Zhao-bing, ZHANG Xia, YIN Shao-tang

( Anhui Institute of Optics and Fine Mechanics, Chinese Academy of Sciences, Hefei 230031, China )

Abstract: GGG polycerystalline material was prepared by co-precipitation method with the
metal Ga and Gd,Oj as the starting materials and aqueous ammonia as the preprecipitator.
The X-ray diffraction spectra of GGG polycrystalline material prepared by co-precipitation
method ,Nd:GGG prepared by solid-state method and the crystals GGG and Nd: GGG grown
by Czochralski method were measured. Their lattice parameters were computed by extrap-
olation method. The lattice parameter of GGG polycerystalline material is smaller than that
of Nd:GGG polycrystalline material, it is probably because the Gd** substitute Ga3* and
Nd**substitute Gd** partly. Meanwhile, The lattice parameter of Nd:GGG crvstal is larger
than that of GGG crystal, from the result we know that Nd** substitute Gd**. In addition,
the lattice parameters of crystals are bigger than those of polycrystalline materials, which is
probably caused by Gd** substitute Ga3* due to Ga component vaporization. These results
show that Ga component vaporization maybe exists not only in the preparation of polycrvs-
talline materials but also in the crystal growth, so the Ga component vaporization should be
considered in polycrystalline material preparation and crystal growth. The vaporization of Ga
component can be controlled by using co-precipitation method.

Key words: materials; GGG; lattice parameter; co-precipatation method; crystal growth
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