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Abstract: KTb;F,, (KTF) crystal, characterized by its high Tb*" ion concentration, low thermo-optic coefficient and
low phonon energy, exhibits significant potential for efficient laser emission in the green and yellow wavelength
ranges. However, challenges such as incongruent melting behavior, hygroscopicity of raw materials, high-temperature

compositional volatility, and corrosive nature of fluorides have severely hindered the growth of high-quality KTF

crystals. This study aims to develop an effective approach to address these issues, achieve the growth of high-quality
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KTF crystals, and characterize their optical properties. An optimized vertical Bridgman method integrated with a
laser-sealed platinum crucible technique under vacuum was employed. This innovative approach effectively shielded
the raw materials from water and oxygen contamination while suppressing compositional deviation during crystal
growth through a sealed environment. As a result, blank KTF crystals with dimensions of ¢16 mmx30 mm were
successfully grown, and their relevant spectral properties were characterized. X-ray rocking curve of the (111) plane
showed a full width at half maximum of 0.08°, indicating high crystalline perfection. Thermal analysis indicated
significant volatilization of KTF at high temperatures. Spectral tests revealed an average transmittance of >90% in the
400-1600 nm range and an absorption coefficient of <0.007 cm ™' at 1064 nm, demonstrating minimal optical loss
suitable for high-power laser applications. Fluorescence lifetime was 4.82-4.99 ms for the Tb* ion at the D, energy
level, which is 3-5 times longer than that in oxide matrices. This superiority is attributed to the suppression of
non-radiative relaxation by the low-phonon fluoride matrix, enhancing the energy storage efficiency for laser emission.
Based on above data, this study has successfully established a viable growth method for KTF crystals, providing a new

technical pathway for the controllable synthesis of KTF and other ternary fluoride materials. All these results provide

valuable insights for the high-efficiency application of KTF crystals in yellow-green laser emission.

Key words: KTb;F); vertical Bridgman method; spectral property; fluorescence lifetime

BT Dy P TOER B T B AL A
AR WG SR HhiE, B, 4. 8
AT WSEHOL, DR R. ARG, iR RS
RV AT R B ek 2 s Y. i T Dy, PR T
LA R SRR R S AT K BRI Fe B v (T & TR 4R
1A i A ) DA 3R S A A S AR AR, RT LB
JAE R W Z 32 vE. ML R, TO B 1 &
SR /N . BRSO . ZR T AR AR S ) K
WFF /. BEF 2016 4F, Krinkel 2519 Wk 7E T
LiLuFy S S sE 8l 7K 587 nm HI B
Jefth, BT TR GO R R B JE
BHER R, TO B EEBEREREFEGK. LR
X GER S, ERWEAE. S e
TGO T T LA R 1 Bl AR S e
BRI IERAR R, B To By 5k )
2 DL BV e FRAE B B0 Th B AR AT (1 BF 5 44 R
Z'~[9—10]o

AL B AR TR E, A R AR
PR RE, WEEIRTE TOT I GORHO i H AR
L itati el R, CaF, LiLuFs. LiYFa 2598
W AR 2 BT T B AT WL GOt (5 5 b
RS BRI T 5 4% CaFo/SrF, fhiik, 752 Na'.
Y. GAAMERGA T RIHBAGKRE, K&k
RS BRI S RE B K. LiLuF,. LiYF, Al KYF, ffd
YL RS T RN, TS B
MTF LIS ERES SR, W To MRk S & 5
A8/, SEIL 544 F1 587 nm P B = A . R

Wil HXFT 15% Tb*": LiYF,, LiTbF4(100% Tb*")d
IO BRI 2 5% . SR E T B4R
A AR AT A R AN LR A R S AT /S TR AS 2
A CRAEG R AR SR S 1 O 5 K e g, & T E
SRR R R R A AT e o sl

KTF &AL LiTbF, B 3 s 0 To > 5 1%
FE, AR T Sl s R RO s RO, [H
B LR S R M RE . 2017 fERT I, EE
Northrop Grumman 2 &) i i $& $i7 72 i 2 A2 K H
KTF @ik, 06 50N H T s DR EO6k & 8%, S5
I S L AR IR USCR B RO RECRR AR 4T
Bt AR AT 2020 45, B 3RE R R K
ZHHAKRKEAERGEH AT KTF SRE
3~800 K FE i X T (K GAT N 5 75 an i AL RHE, 48
T AR AR AT WO T AR 7 /30
BRE, WP WA R AR TR s
e 5 GG IR BURAT T %k T R T
Stark AEZ 451, [ BA FLREC AR IR S A3 2 [
SCEHLAIN2H, SR, T KTF $hik A KAidE —
JLH S KE Giifg. s ERET MM, H
R OB T % A LB R, PR TR 2P M
7T .

AT R AL AL I B B A B AT Bk, 4 A
HAETFEEFHHHIRE AR, B K &R KTF
a R, R HOBIERFE T R R0, N KTF
o AR K B LT T AR O U B I v AU H B A
T HRSH,



372 AL M OB IR

W

1 WA

1.1 FERAIE 5t iR 2

KR4 KR4 =>99.999%)5 TbFs(4l
5 =99.999%) & A RIURL JFRE, R P E T 1 SR T
ERNBARAFEENNME. Z2RE 1 1
KF-TbF; /& ZHI K>, it KF : ToF; BE/R R 27 - 73,
Horp KF &2 7 AME I sl R S 80N A
AR, B RS PR GG 2 b S A X Y R PN, AT 410
55 AT 5 R T

{8 FH A TR ABZE B 30k IO 2 3 6 347 51
WM e s s, il T2 5 3500l E i
LiTbF, AL KB, o B R AR B T =
BN, IRk 2 % A B S A R
B, DT A N AT M B 0k i AR B A B B AR
Fro I AR SN AR 2 B B R () JURH I £
% 200~300 C, LLEBRIERFMS MK, b5, 18
600~800 C I [F i A A NIBEAE 20% CF, M
80% Ar(TRFA T HO MR A SR, S ERHIET #L AL
P SIS R AR 8~10 h, [N 1A FERR 2~4 hol s
FABAAIEEZE 10 Pa LEBRY, HEFHEAN
CFa/Ar VB &S00 DA ORS-18 78 2 IROBE o A0 A B 56
R, BiEER A EEE 5x107" Pa, BT
FMEHE IR LM B A R i P, 1064 nm
IR e R IR B B SR R RE
AN EE LR RIS, AR EEmAET R
1x107° Pa, J-RMAAMIEE .
1.2 EREREREEKR

TERHR X T BLAT LA 24 b AT d i e K. ¥
AN EEE AR PE AL E, BL30~40 C/h [
FHEE F KPR TFE KTF AL E 80 “C(1100~
1120 C), 1H#E 72 h LABAIR & BUR PR 47, 76 Itk
(T35 BA 10 v/min (154 53 e i DA 3EE R 35 514k

1200
1100
© 1000 /
E 900
g i
8 800
g
& 700 - N
= )
600 = &
I
500 . . . .
KF 60 70 80 90 TbF,
Mole / %

Bl 1 KF-TbF; —oik & AHE )

Fig. 1 Phase diagram of KF-TbF; binary systems*’)

A GE G, TR DR X AR, R
X LL 60 ‘C/h R POEBFIRZE 900 C, PLES W
A RN BRI EEEXEL 30 C/h g R
FHEE 1250~1270 °C, [FR; T R X LU [F) 3% 2 f4
BZE 730~750 C, JHEE 10 h LB MRS
SE o I FIRRIEFE T, TR &R AR K I [ S T A
TER T 950 Clem PIREERLEE . LA 0.8 mm/h [H)I#
R E R A, 3R R R X AR R X R B,
P KTF $E PR R e el . AR K SEllE, AT
KTF §ALL 40 C/h F R FRIE 2 =i

R FH L 2 B 25 T H CHTH 8 A B RS R
¢16 mmx30 mm ] KTF B EAE, FiARARER,
(BAFAE i Xk, TRk R P& KF
SRS AT o LSS AR 4 R, RO Bl
L5V KTF B AR, HIY)E SRR S WE 2(a)
Fiizmo BEAbh, R B X 4 S R B R RE A — s S,
Ja 5S4 & KF-TOF; AH B A ERHED b AR 37,
DA 45 3t 211 . AT M OCYERESRAE, W5(111)
i T ) 8 R o, P 2(b) T o 28 R A IR, 00
R B FEIRD) MY R, 5 CRaE
HEEAR RS HE AL
1.3 MWK 53R

1 i H A< 87328 7] Shimadzu XRD-6000 %! X 5}
LATHHX(XRD, CuKa f@ift, 1=0.15406 nm)Xf 55
FE AT VAR AT, MYE R 20=10°~70°, 4
KN 0.02°; fF AT % PANalytical A [ y Pert
Pro B 5143 HE35 X i AT S A (HRXRD)E 20/ 134
QR X R S AT B R R AR M R IR, RPN
0.02°; i FF 4 [ i Bth 2> ] STA 449 F3 B4 [ # #r
1, TERASARY AR T X 5 R AR AR S g AT AR -
ZER AR R A(TG-DSC)BEA AR, 3 5 v [ Dy
30~1200 C, AWHEZENRN 20 C/min; M
PerkinElmer Lambda 1050+%Y %8 #h-1] W1 21 4h 43 %
FERE VMRS S &k 2R, MAATE D 250~2000 nm,
P2 %N 1 nm; EHIE Edinburgh A #H

pasas smuauamzas snes

K2 KTF @ifd kg

Fig. 2 Results of KTF crystal growth

(a) KTF blank crystal sliced along the central axis; (b) Oriented (111)
plane sample
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Table 1 Crystallographic data from structural refinement of KTF single crystal

Cell parameter a/nm Vimnm® Density/(g-cm™) Ryy/% Ry/% Pa
KTF single crystal 1.1662(4) 1.58591(16) 5.478
11.05 7.48 1.41
PDF#04-006-4631 1.168 1.59341 5.885

R.p: Weighted profile R-factor; R,: Profile R-factor; y*: Reduced Chi-squared value
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Colorful figure is available on website
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Table 2 Energy level *Dy lifetime (.,,) of Tb>* in different crystals
Crystal Texp./MS Ref. Crystal Texp./MS Ref.
KTbsFyg 4.82-4.99 This work Tb: KY;F 4.8 [11]
Tbo‘glcao‘lnglgl 6.9 [30] Tb: YzMnglzslzolz 0.58-1.72 [32]
Tb: LiYF, 4.9 [31] Tb: SrGd,Al,04 1.56-2.80 [33]
Tb: LiLuF,4 ~5.0 [8]
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