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Abstract: Nd*-doped LiYF, (Nd:YLF) crystal is a laser crystal with excellent performance, which is widely used in
scientific research, industrial and medical fields. But its existing crystal growth method using binary fluoride mixtures
is problematic due to fluoride oxides being formed in fluoride raw materials, and process of preparing raw materials by
using HF gas fluorination is relatively complicated. Therefore, preparation of high-purity fluoride raw materials is one
of the important factors to realize the growth of high-quality fluoride crystals. Meanwhile, crystal growth atmosphere
usually contains CF, or HF, which is highly corrosive to growth system and increases cost of crystal growth. In this
work, to obtain high-quality Nd:YLF crystal, the polycrystalline growth raw material with high-purity YLF crystalline
phase was first prepared using a nearly closed melting material device, which was a novel design facilitating the
melting process and floating salvage process at the temperature above the crystal melting point. Intact Nd:YLF crystal
was obtained after growth under a high-purity Ar atmosphere. X-ray diffraction (XRD) patterns of polycrystalline raw
materials and growing crystals were tested, while lattice parameters, atomic coordinates, atomic occupancy and
temperature factor were obtained by Rietveld refinement. By measuring X-ray rocking curve (XRC) of (100)
crystallographic plane of the as-obtained Nd:YLF crystal, the full width at half maximum (FWHM) of diffraction peak
is 0.007°. The segregation coefficient of Nd’* in YLF calculated by measuring the content of each element is 0.3. The
strongest absorption peaks of Nd:YLF crystal locate at 797.4 nm (a direction) and 792.3 nm (c direction) with
absorption cross sections of 3.37x10 " and 5.49x10 %" ¢cm’, respectively. The strongest emission peak of Nd:YLF
crystal locates at 1047 nm with stimulated emission cross section of 1.598x10™" cm® and fluorescence lifetime of 483 ps.
Based on above data, Nd:YLF polycrystalline raw materials prepared by melting method achieve high phase purity.
Combined with Czochralski method of crystal growth with vacuum extraction and heating process, the present growth
method can greatly reduce the formation of fluoride oxide during the growth process, which proves a successful
growth under Ar atmosphere.

Key words: Nd:YLF; laser crystal; crystal structure; spectral analysis
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Fig. 1 Schematic diagram of raw material melting device
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(a) Crystal grown with polycrystalline material prepared by melting
method; (b) Crystal grown with mixed component raw materials



532 AL M OB IR

40 %

2 HR5HE

B 4 Sy il il £ 1 2 i JEORHET XRD B,
FT gt ns BRI BRZ S YLF br#E-R F (PDF#00-
017-0874) AW &, R Z &k YLF 4041, o
SAEALYD . YFs. LiF 2444, BN Nd™ #A 5 3 )5
o R R = R . BRI, A A % I 2 i
Nd:YLF J5oRHRARAERE &, P db. BrmifEae /) ir,
T AR A K R EAR R . M, AT
SR FH 003 %5 P 20 ) 26 8 45 4 T LASRAS mr 3 S PR IR
FEA AR, HHAERS =T NA:YLF & SR g
TIEAE R, AR TR R R R B, 3K 45 4
Nd:YLF. [A] 3@ i 78 73 7 457 4 4 3 T 1) i S A i
W, B bR T Nd:YLF % 5 5O 2l .

ME 3 ATLLE W, SRAH S RA FRAEK 1
R RS — 2 A BAREHAEY, 1R AR
T 2 1 R AR K ) R R T . X
Y5k AT XRD WA, K MDI jade B {47 4>
Mro il s iR, HEBERTBR T YLF 4, F 5
Z 1] YOF. X 0] e #)as R 2 A 1 YOF, ]
REAETE Ar AU, PILRE RN YF; 5 A K B

3
s
z
8
B PDF #00-017-0874
T
10 20 30 40 50 60 70 80 90

20/(°)

B4 JERhES] % 2 8RR XRD B
Fig. 4 XRD pattern of polycrystalline material prepared by
melting method

o LiYF,
a YOF

Intensity / (a.u.)

10 20 30 40 50 60 70 80 90
20/ ()
K5 H50RE ERHE K SR I G5 K XRD & i
Fig. 5 XRD pattern of whiteness among crystal grown with
mixed component raw materials

T 2 TR IR HoO 88 K AE ML) B L,
FAE S A AR KO R B P T SR AR ) R i
H,O+YF;—~YOF+2HF * (1)

SR FH A s SR AR K ) AR R b 3R T B A/ i
MO, A SRR R B CIEEME TR K.

B XRC & RAE IR B E G Tk, H
FWHM i/ 1 B & 4 1) 45 B JoT BBk A, i s 1 o0 A
i), mE 6 FTLAE H, A TH (100) ) 5 i
XRC A B—AThfE, RKEKAEBSR, EAXR, &
A8, FWHM SN 0.007°, KB4 K H 1 Nd: YLF &
P B B I 25 T =

N TR Z W SRS EE R, KA Rietveld
J7EX NA:YLF @k RAE i AT 7 45 MksEs. LA
YLF i A P £ W B0 VB 0 I 00 0 50, Nd™* 5 Y
7E AL T A E A AL b, R EsE RnE 7 Bk,
AfLLE HAUA 45 RIS AR S R A IR . &
ERL HFARR. R EEER BRERTESH
WELERME 1 Pron, Hhl&4%E1 R, N
EVERF Ryp 43518 6.39%F1 8.31%, ¥1/MF 10%,
B A B B AR AR, 72 YLF 5
BANDER NECBUR Y HRALE, YLF A B A
S BE R KA. KB 20 5 &G R 2S5
a=b=0.51696 nm, c=1.07412 nm, W& KT 4 YLF /%

5
<
< FWHM: 0.007°
2
g
£
22.50 22.55 22.60 22.65 22.70
6/

6 Nd:YLF dfkf# XRC
Fig. 6 XRC of Nd:YLF crystal

* Yobs
¥ Ycalc
—— Yobs-Ycalc
i Bragg position
Nd:LiYF,

*

Intensity / (a.u.)

ok o

sy #

10 20 30 40 50 60 70 80 90
260/ (°)
7 Nd:YLF @) XRD 4 Rietveld U145
Fig. 7 Rietveld fitting XRD patterns of Nd:YLF crystal



ERR

XYLE, % JERhEH] & N YLF JFURE B 3L i A KR eI 72 533
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Tablel Structural parametersof Nd:YLF crystal
obtained by Rietveld refinement method

Element X Y Z Occupancy  Uiso
Li 0 0.25000 0.12500 0.25000 0.20666
Y 0.50000 0.75000 0.12500 0.24750 0
Nd 0.50000 0.75000 0.12500 0.00250 0
F 0.27376 0.09431 0.04622 1.00000 0
a=b=0.51696 nm, c¢=1.07412 nm,
o=f=y=90°
R,=6.39%, Ry,=8.31%
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