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Growth and Yellow Emission Spectral Properties of Dy:Y>SiOs and
Dy, Tb:Y2SiOs Single Crystals

LIU Yuxiao, LIANG Fei

(State Key Laboratory of Crystal Materials, Institute of Crystal Materials, Shandong University, Jinan 250100, China)

Abstract: Yellow laser sources in the range of 570—590 nm have many important applications in the frontier fields such
as flow cytometry, sodium guide star, and ophthalmic surgery. Yellow laser output by blue laser diode pumped Dy**-
doped crystals is a promising technology with advantages of high efficiency, compactness, and high power stability.
However, Dy**-doped laser crystals mainly focused on low-phonon-energy fluorides, while the high-phonon-energy ox-
ides were rarely studied. Herein, high-quality Dy**-doped and Dy**, Tb** co-doped Y2SiOs (YSO) crystals were grown
by the optical floating zone method. The yellow emission and energy transfer processes in Dy:YSO and Dy, Tb:YSO
crystals were investigated. Compared with Dy:YSO, the absorption cross-section of Dy, Tb:YSO at 450 nm increases
from 1.75x107' cm? to 2.21x107%! cm?, and the yellow emission cross-section at 574 nm increases from 3.45x107' cm?
to 4.32x1072! cm?. In addition, the co-doped Tb*" ions act as deactivator ions and the energy transfer efficiency from
Hi312 level of Dy** to "F4 level of Tb** is 50.7%. As a result, the lifetime of Dy*" lower level is greatly shortened to 202.9
us, which is favorable for population inversion and yellow laser output. These results indicate that Dy, Tb:YSO crystal
is a promising yellow laser gain medium.
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AL T HAL D BE Ak . Bowman 25120
FEWE Y6 LD 0 Dy: YAG i A v 1 YR S B8 % Bk
Fehi, WAKSH 583 nm, B DN 150 mW.
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#, H Dy 7E 574~582 nm P B I H R 28O
KA 5l To* G, Dy Hisn e 75 i 3%
iR, PEORRRIT SZWOR A 5 e = R R AT 2
B 2T, U Dy, Tb:YSO ik & —Fh B A W 58t
BRI FH s 77 0 3G O 1S 25 7 I

1 SEBAE

1.1 JEREE
i R BT FAE KR REA Y205 (99.99%) Dy20;
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ZHLHF R 3 min, B T#H/KENLHIIE 60 MPa,
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gLl 100 °C/h AR TR E 1500 °C, FRIEJE
BE78 20 I N A ) Dy: YSO Al Dy, Tb:YSO % i
1.2 @iEEK

AR AT KRR K Ak, TR WS
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#VH 3000 W ARITE A IMBOLIE, SMiERE R
J& T IR BE AT IA 3000 °C. ), K EHER M4
€ T FAEShAE, R E T N MEST, i i
B EE B R . £AKSFKHE4 0,, @
SIEE 0.2 L/mine fEFHRIE RS, ThEZH T2 3%
I RSEAUT, R R U A AL SE I A5 A AL
k. YINRTLE 27.5%LE AN, EEITMEEL.
TE 30%~32%3 I J#E4T N X2, Bl J5 Th R fa e
1E 34%~36% A 4ERF R A K. AR RS, B
W5 MR I A BERE , #5300 15 /min. SR KAK IR
SN, R . SRR B, IR B
T T B ARG b Tl R AT ThE, A A B AR B R
INEEBHRRN . RARWEKE Dy:YSO K&
Dy, Tb:YSO &k, B 1(a, b) AR IR X %4 K
i YSO fnfk, Frfs b RiE W R, RG] R R
40, Dy:YSO SfAHEAE 3.5 mm, KEHIE 30 mm,
AL 2 B G REGIE IR K . Dy, Tb:YSO fiEE
Zik 4.0 mm, KEHEE 10 mm. ¥ Dy:YSO #
Dy, Tb:YSO A EIp 1 mm J5FE ) & A 5 U
(B 1(c, d)), FHTIROETEFI 5 6 150
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Fig. 1 (a) Dy:YSO and (b) Dy, Tb:YSO crystals grown by the
floating zone method; (c, d) Polished plates (c) Dy:YSO and (d)
Dy,Tb:YSO for spectral measurements
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EHRIRMEAY Nisfr. B ES BN, 7
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K FH THRS50 B 572 5615450 & 5 A br 2 ki,
633 nm He-Ne #t (Ih% 2 mW) 1E MR IEIR.
K 2546 (Agilent) CARY 5000 %45 4k-A] Wil
2L #F (UV-VIS-NIR ) 4 ¢ )6 F&F i1 Wl i & 44 78
200~2500 nm 3 B ¥137 i 1% - % A A1 & 52 (Bruker)
INVENIO R0 A4 (ATR 225/Q #53) Jiak i
PRTE 2500~10000 nm 3 B IE I Hail . FF 5 RN
1 mm.

fivs AR FD 6 255 MR SR i o PP A1l LA D9 O 388 25
R DI OSBRI . e (Agilent) CARY
5000 B4 Hh-n] Wi 214 (UV-VIS-NIR) 43t e
THIllE 7 A ERoRE . WERT, KR
E XU MG Z 1 mm 2B, DUERAIE R 4T (38 etk
HeIEFHETE A 200~2500 nm, 3 HFFE N 0.2 nm,
DURS B T 72 Dy Al Th> 125 7~ A5 1E W AT 0

Wt g B % T BB AEE A R (Edinburgh Instru-
ments) [¥] FLS-1000 2475 S 5 0 & & 7 1126 e
RIS 5 R AN T, LUK 450 nm 1185
e FARBOCEE NBUR IR . e RETIE K N IR
3 Yk 1 2 38 3 I (] A DG B FiH 4 (TCSPC)
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EPFAFIRCAL IR B Y &7, 0 5ldsic o Y(1)

AY(©2)s YL R 7S AN U5 7 B A7 s il i)
(YOo)* JNIE, T Y(Q)BL A [EFE (Y Os)’ )\ A,

(B AR BC AL A B B A ANl o XSS R 22 57 N
W LB BRIt 7 E WA AL
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Fig. 2 (a) Schematic diagram of Y2SiOs crystal structure; (b)
Polyhedron of the ytterbium ion center in Y2SiOs crystal
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EE, O NATHikE M, n NATHIR, A8 X $ )
WK, BB RKMWET Dy (=1.027 A)F
T (=1.04 A) BUAX & ¥ 2 BB D E F
Y¥*(r=1.019 A)if, SFEFEMSEE R, Nl
f T () PR d 3G K. B TATS A 0 5T BE d Bk
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Fig. 3 XRD patterns of Dy:YSO and Dy,Tb:YSO crystals
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NT VP AL SRR, R Rietveld 7725
Dy:YSO F1 Dy, Tb:YSO &k RAE S 3EAT T 45 Kk
& L YSO MRtk SR 25 S HE APIIE AL, 18

R R R e Dy R T 4 Y31 )\ EC AL AR AL .

Wi R 4 fin, THEIEL S SRR AT g 4 —
BERLG. WETEEER. B8R, ETrhFE
IR R TS5 KRG 1S BT Ry AL
EVERT Rup B/NT 3%, HE— D RIEBLE R AT
55, R BE BRI AHSAE, TR AR R T
HASE 4 Al W, Dy:YSO SAN SIS E N
a=14.39863 A . b=10.40862 A . ¢=6.72179 A .
V=852.555 A%; Dy, Tb:YSO &1kt e = H A
a=14.39907 A . 5=10.40901 A . ¢=6.72194 A .
V=852.635 A%, 541 YSO M Lt , dfi i S B A 15 K,
XEERBT DYy A O S 722 E KT Y,
LF5 BT EAR Y3 EE Y(OHF YRR, 5]
Jr 3 A TR AR AURZ A 5 AT S5 504 AR R I A3
XU Dy /T B3N YSO @ik i B 5%
NERTE, X A A A A () S R R RS I BN

: 9 X
S | Dy,Tb:YSO By 1903 Yovs
3 Rupt 271% Yeue
: Rexp: 2.69% Y obs~Y cac
= Chi?: 1.01 Bragg position
[72]
=
Q
2
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s Ry 1.99% Y ops
:g DyYSO Rups 2:83% — Yearo
! Rexp: 2.70% YobsYeale
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ey
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=
o
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g
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Kl 4 Dy:YSO #1 Dy, Tb:YSO fh /&) XRD 41 Rietveld
&

Fig. 4 Full-range XRD patterns of Dy:YSO and Dy,Tb:YSO
crystals together with their Rietveld refinement results

i 1R B A G R Bk R B keoge 7T DLIE I 2 50
ket = c1/c KTt 5E, Horbrey Mo, 70 AR i AR A
B A B IR . B T IR AT B3 3 1 kel
RIIT R 1.0 T Dy & ¥, Dy, Tb:YSO #iifAH Dy**
BT Mkege v 0.78, 10 Dy:YSO fifh by 0.74, W
T & F LB 58 Dy> Wk ore& A $2 T+ o H R PR ]
e B TF 2K/ N IO SDy™>Y3, 4 To &7
WeILBIRET, S A% A E R e, 45 Dy
BTHEAESEAR YT E T,

#1 Dy:YSO #1 Dy, Tb:YSO RAH T ELEM ke 5 R
Table 1 Elemental contents and kesr results of Dy:YSO and
Dy, Tb:YSO crystals

Ingredient Actual
Crystal Element corlci:;rll/tra— corici::):;l;:ra— ketr
% (in atom) % (in atom)
3Dy:YSO Dy** 3.0 2.24 0.74
3Dy,0.1Tb:Y Dy** 3.0 2.35 0.78
SO Tb3* 0.1 0.07 0.70

2.2 WBRiE

5 & Dy:YSO A1 Dy, Tb:YSO /A 1) & iR 7 2
i, PR EATE 100~1000 cm™ JEFE A EA A
P, mAFFREEMT 956.5 cm™, XM T
Si-O BEI XM 4R 3h . 5 Dy:YSO LIk,
Dy, Tb:YSO 14y = W7 B WA WS, R A
Wag, R TO> B4 51k T 3250 J5 80 A8 5 44 2
BRARAEAR AL, AT T SR S b AR A B SR A s - 75
TFAHEAE B B4

Dy, Tb:YSO

Intensity (a.u.)

200 400 600 800 1000

Raman shift (cm™")
1000

Intensity (a.u.)

ZIUO 4'00 6'00 5‘00 1000
Raman shift (cm™")

K5 Dy:YSO Hl Dy, Tb:YSO & Ak i+ 5 ik
Fig. 5 Raman spectra of Dy:YSO and Dy, Tb:YSO crystals

2.3 BN

K 6 N Dy:YSO 5 Dy, Tb:YSO #HK7E 200
nm~10 um G BN FREL IS, AWE 6 nTLE
PR RRE S TERT WL AL AR A R AR X 3
BA B 0FE IS 2, 32 WIRE i P e RO 2
AR RIf. 5 Dy:YSO #tk, Dy,Tb:YSO ()i
b Zeph AR TR A — B, AR R I DX It B 22
R, UL TO Bk B BRI A B Re ).
Fh i ARTE 6000~7000 nm ¥l N 2459 — A 5 3% BH
& H, FIRES SR AE 1) R 1 B B AT 5%
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n S
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o
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§
£40
g
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g

0
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Kl 6 Dy:YSO Ml Dy, Tb:YSO &4 i35 i it
Fig. 6 Transmission spectra of Dy:YSO and Dy, Tb:YSO crys-
tals

2.4 MR

Kl 7 AZE R T Dy:YSO 1 Dy, Tb:YSO #4171
W, W E A G

O-abs(/l) = % ®)

HH, 0aps (D) MK AL WAL, o Wi 40,
NN Dy 5 F 15 44K (FAL ions/cm?) . Dy:YSO
Al Dy, Tb:YSO FTE 450 nm &b IR I 2 053 ) 2
0.97 1 1.22 cm '« HAEM U4 450 nm Fft iz, Dy:YSO
F1 Dy, Tb:YSO R W il fr B 4230, Ui B T 5+
MILBIRFRHESE YSO Bk AT .
Dy, Tb:YSO i i WS i & A4 1 B iaetb, el
FETE 473 nm Ab SHsp—*Fop BRIE T N A0 W AR T R
BB 0.57%1072 em? B N2 X5 1) 1.24%1072 em?
X AR AT R B RS N R . ] 8 P, fiE
B ET1 RN 7 L RES *Fon IR FFERL, 1
Ae LR BT2 I RE ik 1k MR RE R B3R [H], M
MR EE TR FHUR ¥, FE a4 58 1 473 nm AL 1L
WA . 7ERIEYEIE K 450 nm &b, °Hysp—01s, BRIE
I UCEE B T 26%, M 1.75x1072! em? # i &
2.21x10% em?. FHELT AR Dy, To* 145 2 5 4
&, Dy, Tb:YSO HJ W W # 1 = T Dy, Tb:CaWOs
(0.91x1072! cm?)?! A1 Dy, Tb:LiLuFs (1.40x1072!
em?)?7), B8 KT Dy, Tb:YAG W IAC#S I (2.55% 102!
em?)43, B Dy, Tb:YSO & A5 15 e B A 558 (1) W
lgitd

— 3at.% Dy,0.1at.% Tb:YSO

Absorption cross section (102'cm?)

y T T
700 800 900 1000
——3at.% Dy:YSO
Hy5p — 4l
®His2 — *Fop
[T

sbu 7b0 8‘00 9‘00 1000
Wavelength (nm)

K7 Dy:YSO Al Dy, Tb:YSO 44 W Wi % i

Fig. 7  Absorption cross-section spectra of Dy:YSO and
Dy,Tb:YSO crystals
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Kl 8 4 Dy* Al To* $L 51k R M R 451 K RE &
fesp it FRR BB Dy B FIEMK G, H *Fon BB
A AR SR 4 PR AR 477 nmo ((Fop—CHisn)
575 nm (*Fop—°Hi312)~ 633 nm (*Fo,—°Hy1n) Al 753
nm (*Fop—Hop) 5% 55 K HHEL . SULFEK, Dy’
(1) *For Re 5 Dy 1 "Dy fEJ 2 W) W] 38 A48 5 B
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