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Abstract: The Ho’ " -doped LiYF, single crystals were grown by Bridgman method. The axial and

3+

transverse absorption spectra of Ho” " ions in LiYF, crystals were measured. The Judd-Ofelt theory

was applied to calculate the J-O effective intensity parameters {2, , ;, spontaneous radiative transition
rate, branching ratio, radiative lifetime of ¢ transition and 7 transition. IR emission spectra of Ho’* :
LiYF, single crystals were measured under 640 nm wavelength excitation, and the emission band
around 2.9, 1.2 and 2.0 pm due to *I,—°L,, *I,—’I;,’1,—’I, transition were observed. Based on
the absorption spectra, the maximum calculated emission cross section emission at 1.2 and 2. 05 pm
in LiYF,: Ho’* crystal are 0.20 x 10 " and 0.51 x 10 ™ em’, respectively. In the meantime, the
emission lifetimes at 1 191 nm (°I,—’I,) and 2 059 nm (°1,—’I) were determined to be 2. 13
and 17.23 ms. The research results indicate that Ho’* : LiYF, crystal is a good candidate for mid-

infrared laser media.
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Fig.1 (a) Photo of Ho’": LiYF, crystal. (b) XRD pattern
of Ho'*: LiYF, crystal. (¢) The standard line pat-
tern of the orthorhombic phase LiYF, ( JCPDS
7740816).

B+ B FAE LIYF, @ik i 2o s 2 50,
Ho " AT EER R 0. 996 , W AL T 1, %
B Ho' " 7E LiYF, @bfARrh oy 55 35 5) , IR A o
AT A EE R S R ek €A
3.2 HEmBERBREEE R Judd-Ofelt I it
SR

LiYF, A b fh A, 4 45 1) Sk > 5

¥ i AR AORFRR

LD = 1y | gexpl - a (AL +

Zewl-a, (DL, ()

K, 1 1y 73 03 OGRS OGIR (A |
a, (M)A AR B THERE A N 7 BRiIEM o
BRIE A W WS R AR, LA RE G R B, £ 1) S PR
Ho® "+ LiYF, f R A9 A 5L J-0 38 B2 2 H0n] LUl i T
Ait5 .
Qeﬂ' = w (2)
&l 2 feE R &5 25 300 ~2 500 nm
W B PP R PR T S E S T R e Bl &
TR ARG R BIE 2(a) R w iR, B 2(b)
H oo dRiE ., AT LUK B A BB S A TR
WL, RBLT Ho' "+ LiYF, S RISk, KA
2 010,1 145,637,535 ,482,470,448 ,415,360 nm
(R WU 23 S IS T Ho® * MRS T, BEZR B &
BL L CF S, CF) UF, CF,CK) VG CFy )
Gy UHy (CHg, G,) BIMICERAT

= I 74 5534 4%
0.6
) (a) T
E|
< 0.5F
=
LE 0.4
£ 0.3F
£
z 02f
-
O ] 1 | | | 1
400 800 1200 1600 2000
A/nm
0,4*<h) o

Absorption intensity/a. u.

| | | 1
400 800 1200 1600 2000
A/nm

B2 Huih Ho'* s LiYF, REM Y R (E/C) (a)Fl o
PR (ELC) (b)
The polarized absorption spectra of Ho’* : LiYF,.
(a)E//C. (b) ELC.

Fig. 2

AIAOL T Ho'* 1 SCSAR T, i1
FARH

2

mc
f‘exp = TrNeZAZJa(A)d/\ =
me® 2.303
I =2 [payan, (3)

K m e ML RO BT AL B o O, A
LA DI (AL nm) N R AR Y
BTG o (A) R R R E (I w Ao BR
iE) ,D(A) RICEE (4w Fl o BREE) , L IR
JERE (2,20 mm), HRAE Judd-Ofelt i,
Ho' " BRISHR T3 B th an N A5

w =St s (4)
FEH £ froa 53 00 SRy H AR R R 0 13 R A BER AT Y
PR omBE, p A WA R OGS (w JGIE A o i)
AIFRIRAT, o

8meTr?
Ju = 3hA(2) +1) Xed > 0-U, =

t=2,4,6
8me’ . (n* +2)° .
3RA(2] + 1) 9n
> OIS, LTI U 4 1S, LTy |7,

1=2,4,6

(5)



55 6 1] ALY, 4. Ho '+ LiYF, iy P20 oh SOt Rtk 705
AP b o e TRy, AR R BRI I R 0, ORIk SR, HAE S R T A A Y
WF 0 BT R, S5G3CHR[26 ] HAY LIYF, 3t XPRRVERA S PIHISE | R e B 10k R 40R

S EAIE A5 BT S 3R B AR T BRSO
n,(A) =A+BA /(A =C) +DX*/(A* —-E) , Hrh
A=1.164 8, B=0.2827,C=0.008 1,D =
0.157 1,E=115.794 7;n_(A) =A + BA*/(A* -
C) +DX*/ (XM -E) ,HA=1.1773,B =
0.292 4,C=0.008 5,D=0.274 0, E =195.460 3,

oo h
md — 6mC/\(2] + 1) Xmd

P o R BRI ST SR 7, S5 T ik i
PrahR n; Ho' " 10 AHE 2P T, B RS H SCHk
(297, WEMAR AR BRIT (286 2 W& AL = AS =05
AJ=0,+1;AM =0,+1, %M — N 750 i
BRI R 1,1, (0 BRAT 2 78 R A BR AT

ZEA AR (4) il gt TR IA R, m okl
o JETEAH R BI5REE S Q, (1 =2,4,6) Bk

RER > ZLAEAR M Ho®* NEERS SLJ B4k
BSL T WANIERETCH T U, = | <[S,L]] -
U LS,L' 1) > |2 U Ry sf sk it 5
£, XB0F U, ) 563 ERT REH A 5%, B
Jo AR A 22 AR AR AR /I 33 BB 5 A SCiik [ 29 ]

R R
AFIS,LITNL +2S 14718, L' 1) 1P = Xa - S (6)
o AUE B 22 57 A B TR 7 MR i 22 e 1
o S fmp)
JZ ; (7)

Hrb M j@ﬁﬂ/\ﬁ%ﬁ*ﬁ‘]'ﬁﬂﬁ(ﬂ?ﬁ‘]’l\%&o I 1
N Q) IR MABERES R Q,,  HILER LA
KICHRH B SR EESBES TR 1,

£1 &iKd Ho " B Judd-Ofelt 38 EESH#xftL
Table 1 ~ Comparison of the Judd-Ofelt intensity parameters for Ho’* doped crystal
J-0 SR EESHL Ref.
.
HH{ZL -20 2 -20 2 -20 2
0,/(10 7em™)  2,/(107em”)  2,/(10 T em”) 8/ 10°¢
0, 0.94 0.84 1.44 0.44 Current
Ho’*: LiYF, 0, 1.24 0.77 1.27 0.42 work
0, 1.14 0.79 1.33
Ho: YAG 0.04 2.67 1.89 — [30]
Ho’*: LiYF, 1.04 1.21 1.37 0.139 [31]
Ho: YLF 1.16 1.62 1.60 — [32]
Ho: YLF 1.03 2.32 1.93 0.13 [33]
F2 Ho'' MBI EIRTFRE
Table 2 The experimental and calculated osillator strengths of Ho®*
Transition ™ o
J=J A/nm fuy/107° f/107° A/nm fuy/107°° fou/107°
1.007 (ed) 0.883(ed)
ST, 1934 1.04 1932 0.906
0.433(md) 0.427(md)
Syl 1148 0.518 0.756 1150 0.497 0. 66
S Fs 638 1.384 1.543 638 1.207 1.357
Sg—°S,,°F, 536 2.134 2.413 536 1.991 2.11
Sl F, 482 0.367 0.865 482 0.345 0.753
—°F,, K 470 0.184 0.982 472 0.232 0.867
Sy GCg, F, 448 4.361 4.38 448 4.939 4.987
SIg—3Gs 414 1.246 0.908 416 1.052 0.814
S,—*Hs,*Hy %G, 360 1.568 1.419 358 2.083 1.456
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T 32 + 1)
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ZRBmEE . I HRL AR SR BR AT Y e B U 2 AL =
AS=0,AJ=0,+1, IBEAXDHNT .

ed md |’

Su(1J) = 2 0, [ 4TS, LI U 1147 T8, L7 | (9)
1=2,4,6
, h* N e N |2
Sw(J ) = < LTS LI L 28 14718 100 12, (10)
R3 Ho'':LiYF, @& H' M A, A, BT BE
Table 3 The value of the calculated A, ,A,,,B8,and 7, of Ho’* in Ho’*: LiYF, crystal
J —J A/mm Uy, U U, Ay/s™" A8 A B T/ M8
517 HSIg 1 960 0.024 9 0.134 4 1.5217 41.49 15.23 56.72 1 17.629 9
516 *)5]8 1175 0.008 3 0.038 3 0.6918 98.81 0 117.27 0.842 6 8.527 2
*>517 2 934 0.0319 0.133 6 0.9308 9.12 9.34 0.157 4
s =31 900 0 0.009 9 0.0936 35.82 94.94 0.3773 10.532'5
~>5]7 1 662 0.002 7 0.022 6 0.8887 51.72 0.544 7
—%1, 3831 0.043 8 0.170 5 0.5729  3.32 4.08 0.078 0
514 HSIg 749 0.000 0 0.000 0 0.0077 5.88 63.09 0.093 2 15.850 2
=%, 1211 0.000 0 0.003 3 0.156 8  28.68 0.454 6
HSIG 2 064 0.002 2 0.028 1 0.664 0 24.91 0.394 8
=31 4472 0.0312 0.1237 0.9099 3.62 0.057 4
SFS —7Ig 645 0.000 0 0.427 17 0.568 6 804.77 1053.74 0.763 7 0.949 0
-, 961 0.017 7 0.329 8 0.4342  190.86 0.181 1
HSI(, 1430 0.010 2 0.1213 0.4995 52.09 0.049 4
—51; 2282 0.006 8 0.027 1 0.1649 4.13 1.87* 0.003 9
—%1, 4658 0.000 1 0.005 9 0.0040 0.02 0.001 8
’S, =31y 540 0.000 0 0.000 0 0.2270 832.54 1547.27 0.538 1 0.646 3
*>517 746 0.000 0 0.000 0 0.4096  569.78 0.368 2
—3T, 1000 0.000 0 0.020 6 0.1541 96.06 0.062 1
=1 1354 0.000 0 0.004 3 0.106 2 25.3 0.016 4
~>514 1942 0.001 3 0.027 9 0.2795 23.43 0.0151
—?° Fs 3330 0.000 0 0.0110 0.0036 0.16 0.000 1
°F, -1, 536 0.000 O 0.240 2 0.7079 1772.18 2 093.95 0.846 3 0.477 6
-1, 738 0.000 0 0.198 8 0.0324 120.12 0.057 4
"516 986 0.001 2 0.258 0 0.1697  108.44 0.051 8
=31 1327 0.001 8 0.1314 0.4655 74.84 0.0357
*>514 1 887 0.000 1 0.023 4 0.258 7 13.02 3.05" 0.006 2
—? Fs 3173 0.194 4 0.092 3 0.008 0 2.30 0.002 6
-8 67 656 0.000 0 0.0159 0.0033 0.00 0.000 0

REE N 3 ANMRIE PFs— (CFs +°1, + 1) Z LD AE R 3 A BRE R, — (Clg +°15 +°1,) Z Al



o556 WYL, % Ho ' : LiYF, Sk Ay i 4140 % ek 707

R TR 7,

T WA[(S,L)IJ,(S',L')J’] SR
TSI

o ALSDLGLINIT ()

S A[(S,L)], (S, L)'

S'L'y

3 T AR BE, & 3 5
FEE AT 0, FEIE 1 Ho' : LiYF, S bR BE S 7=
3 pm A B LL AN PEOL R G, A4 2.9 pum
(516_,517) 3. 1P«m(5 F4—>5 F.),3.3 um(552—>
Fy), 9864 ST 4y Bk 15, 74% , 0. 26%
0.01% , AT LAHERIIX 3 4b5e ' fie 25 5 WL 48 3] 1y
J£2.9 um,
3.3 AApEERE

F 7P K R 640 nm BOGCHIM A T,
Ho’ " LiYF, B f A RE S 7E 1 000 ~2 250 nm 35
DO 3 R

<t
1%Ho 0
120.0 k 3 N
. T
g 2
S 800k -
£ 400k

1000 1250 1500 1750 2000 2250
A/nm
B3 7 640 nm OLE A T, Ho "« LiYF, 5B 5 75
1 000 ~2 250 nm B LTINS
Fig.3 Emission spectrum (1 000 ~2 250 nm) of Ho* :

LiYF, crystal under 640 nm excitation
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crystal under excitation at 640 nm
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4563 3 TIHEMEINIRE L, -, FPL -
Ao S L B 45 R 14.2% A1 85. 8% , Je Ferh
MRS A R 6 (I’ T th POt A, T L
HIEF R RER LR T R BT 201
BHEG, 7 1150 nm ZEALTAMG, FEAR
640 nm HOCI A, IR E°F, GBGL, PR T ER
TR IEN 2 R TITE 201, 51
REZL, AR 2 (#1152, 9 wm 26K S XTI
1) L REZCT M FEGE D R A T B A BT
DABGERIE IR 55, BRIt Z Ah, R sk B G
KA SRR SO T A s LA B B KA A
FES A A R (—OH) , XX 2.9 um ALY
A WRMOFITI

4 75

7

KRR FREL AR T Ho' ' LiYF, B4,
iz ] Judd-Ofelt #1514 1 Ho'* 7E LiYF, f{k
HFIARGRES 0, =1. 14 x 107 em?®, 0, =
0.79 x 10 em® {2, =1.33 x 10 " em® , IfiE—2
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WL, 5. Ho' ' : LiYF, iR i sp 20 4 kol 709

THE TR SR A KR I BT JL3R A 5t
Gy B, BAHR R S W RS A 7,0 7E 640
nm OCECE TR FES R Ho® * £ 1 191 nm 12 059
nm FEIEFA M 2. 13 ms Fi117.23 ms, 15
2.9 pm ZEREIXT R IR -1, M55 32
B A 15.74% , Ho’*: LiYF, B S EE S 7E 640 nm
FCEE T AR 1.2 wm ILLZLAMAT2.0 pm

FLLANSENE, 1.2 wm 2.0 pm AWM & 5% i
350,20 x 10 7 em® F10.51 x 10 ™ cm?, [7]
A LA T 1 W A e 2 B AN A R ) R B AT,
2.9 ~3 pm I BEARULEE B0 5 0 Y E 5 AR X
55 , W Bk T2 mT LR DG AR
FIREER T LI IR Ho' " LiYF /E N 2 ~3 pm
H 2L AR B RO TR
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