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Structure and Third-order Optical Nonlinearity Performance of Ge-Sn-Se Doped
TiO, Glass-ceramics at 1550 nm

QIAO Bei-Jing, CHEN Fei-Fei, NIE Qiu-Hua, DAI Shi-Xun, HUANG Yi-Cong

(Laboratory of Infrared Materials and Devices, The Research Institute of Advanced Technologies, Ningbo University, Ningbo
315211, China)

Abstract: TiO, manifested as nucleating agent was introduced in Ge-Sn-Se ternary chalcogenide glass by heat-melt
method. Then the samples were heat-treated for different time. The experiment results indicated that heat treatment
process can lead to the precipitation of GeSe, monoclinic crystals and SnSe, hexagonal crystals in the TiO, doped
Ge-Sn-Se glass with the heat treatment time increasing. The variety of UV cut-off wavelength, optical band gap and
Urbach energy revealed that the number of defect units in glass-ceramic samples increased with the increment of heat
treatment time. The third-order optical nonlinearity of all samples was measured by Z-scan technology at 1550 nm.
The results showed that the formation of nano-crystals in glass-ceramic samples can improve the third-order nonlinear
refraction index significantly due to the strong local field effect. The largest value of nonlinear refraction index
reached 5.75x10™'® m*/W, and the sample heat-treated for 3 h was considered as a high-quality nonlinear optical mate-
rial for its high nonlinear refraction index as well as high figure of merit.
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Inset is the variation of integrated area from 170 to 210 cm™ with heat-
treatment time

I —0
—3h
3+ 6h

— 12h - /

Absorbance / (a.u.)
(3%
T T
==

: : : — :
800 1200 1600 2000 2400
Wavelength / nm

I3 R R S5 R o it TR AT G i
Fig. 3 Absorption spectra of host and glass-ceramic samples
Inset is enlarged absorption edge from 707 nm to 721 nm

WA N BB o1 RAKE B i A R 4 K RO ) A4 5 2
g RS X 2 PR K3 ] P i ) — v 207 284 1 SR
T A L L P 1 Y6 R 9, R
BB HH BB

WEFERIL, A i (06 5 B AR e MR REAT L
KIRFR o —BORUL, 27 BN FE wh I AR 2
P2 2 T e o R 20901 Taue J7iEUY, AT LATHEE
T I 1) 6 5 115 BT (Eopg) R 5 WA 5 W Wi 320 i ke Ak B
I 1) (R AR A Hy, FAR LA X R Ps:

ahv=B(hv—E, )" @)

R o RELTEWWREG hw WAL TR, B A
i FRAH G AL, RAEAE S M B S5 WA P R
m T ERIT MG M R B, X T I0 e Tk
I, m —MIUE A 2, XY )42 21 i 71 [h) BX
i T L (ahv)"? 5 by 75 K43 2] Taue #iZk (K 4
FioR), 5 B 28 78 i W X 5 (o> 10 em ™) B
BEM Lt s, Sk gk vt oy AT A, #4931
e Al ) R B A DG 24 e B o 3 i Tauc #H 275 AT DLAH
SE SIS i 116 27 W 2 R YT 1) 25 R) BRAT: .
XTI RIS, e i) EReg (i S
I3 v L g To 2R IO FL IR A O, T T RE
20 () )5 B v 1 B s A A O K AR
i TR AL FR I (] 5 Eope 75 B (I ] 4 465 1), mT DL
Eopg 5 B B FAA BRI W) Bl S L, W — 45 B4k
UG o H T FAh 31 5 B B R B T T 2R (Se) b
AR, R 1 A B nT LAk FAAL B 5 3 5
AL LR e T ek AR AT S B R
1) 5 JSC B Y e B, S AN Y 22 TR) (1) D 2 iy B o
IR, W BRI LRSI 5 R

M 33 AT DL S A A Ak 38 )R] (R 38, A



1192 TS| R =

&30 35

_'E
2 _I PSS S IS S | 3
2 gl0 3 6 9 12
s [Heat treatment duration /h
E L]
S 6
o3h
E 46h
4 o 12h
| I |
1.55 1.60 1.65 1.70 1.75 1.80

Kl 4 AFHALBEI ] TiO, 441 Ge-Sn-Se BLIEHE: i 1)
Tauc i1k
Fig. 4 Tauc curves and optical band gap E,,, of TiO, doped

Ge-Sn-Se samples affer heat-treatment for different time
Inset is variety tendency of E.,,with heat treatment time

TR AR b W T B AT B A R eV X SR, D
Urbach a7 7EAH [N AOWCAE S8 o o T4 #i
D3, WIS AL a(n)PE DG T REEE hy BB BOC R
i Urbach #iu)t"21:

a(v)=ayexp(hv/E,) 2)
Horp oo /&N, Eo st Urbach g, QK R
RET BRI B, HMRLI T E A S, HT
SRR A Fr U AFAE SRR, WL UK REZL I i
B B B AL I S e Y 2 Inadtd hy (1)
ik, sl 5 Fros, WIHSEAT & A v 5 R
#, st Urbach figs, 45RWHK 1 fiom. A4S
RATLUE 2, RN, B b BEN [A) Y 19
Jn, Urbach BE&EZWTH N, 117 Urbach A8 FE AR R
SRR, AR A AR SR A R, W
FOC A U0 A A THL IS ) PR S B0 I 3 D) 26 v (10 e o &4
R B TT IR H i G

/|

m3h

P I I Y P T
ml2h

1 I A I I I N A
1.8251.675 1.725 1.775 1.825

hv/eV

1.775
hv/eV

1.725

KI5 ANFIHAE LI H] ¥ TiO, 5 %% Ge-Sn-Se it 28 ARl
Urbach Rt

Fig. 5 Urbach energy of TiO, doped Ge-Sn-Se samples affer
heat-treatment for different time

Kb BET S AR S ) A L 20 A 3E O O
(FTIR)A & 6 Jrw, M nT UG H, R s ] 94
b BR(<12 h)FFAN S0 B IR v iz 21 405 I 1 et B
IR, 2L AMBOIE K II AL T 16 pm, &t %
T 50%. B AR BRI R N4 18 h, BEIE
PARSIURL 1) R /N 5 8 b 248 7™ T 53 i L AE 3zt 41 A0 %
B3 1 5 ik yu U b FE 30 h (R R AE
WL AN B O AN, DB I 93T H I i i R
SFE1 pm) KK ABOE A U T I 20N
23 BIEEBEBA=MIELM

KM Z FHGEXT TiO, $54% Ge-Sn-Se 3 T 3 7
JOnE FLH A B S FE S AE B AR P BE(1550 nm) FH =
BB £ M e 2 R R AT TS . T UL,
T-HAE BRI ] 4 18 h A1 30 h (PN FE T AE 1550 nm
WA T IEAATE, PR A MR R =

Fz 1 AREMLIERTE TiO, 82 Ge-Sn-Se WIBHRMEE . XFTRM=MIELESH
Table 1 Physical properties and nonlinearity parameters of TiO, doped Ge-Sn-Se glass-ceramic samples

NO. Density/(g-cm™) Eqpel E.J 1,/ i FOM

(£0.001) eV(£0.001) eV(£0.001)  (10m2 W) (*10%) (102 mW)(10%)  (¥20%)

GSS-Ti-0 4.492 1.667 0.082 5.59 222 16.25
GSS-Ti-3 4.479 1.659 0.087 23.36 4.01 37.58
GSS-Ti-6 4.475 1.652 0.099 57.50 93.73 3.96
GSS-Ti-12 4.451 1.634 0.100 49.24 110.27 2.88
GSS-Ti-18 4367 - - -
GSS-Ti-30 4360 - - -
As,Se; - - - 1.22 1.20 13.12
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