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Abstract Neutron-irradiation induced optical properties changes and defects formation in Ti-doped sapphire crystals
were studied., Temperature gradient technique (TGT) grown Ti-doped sapphire crystals were irradiated by 1. 5 MeV
neutrons with a dose of 4. 32X 10" neutrons/cm’. Absorption, emission and excitation spectra were presented. The
194-nm absorption band intensity enhanced and the 268-nm band weakened after irradiation. And the 420-nm
luminescence band weakened and blue shifted to 414-nm. The results indicated that F* -type centers formed and the
valence state of titanium switched from quadrivalent to trivalent during irradiation. Thermoluminescence (TL) was
observed at 247°C and assigned to irradiation-induced color centers. The thermoluminescence trap depth is 0. 63 eV
calculated with initial elevation method, and the lower thermoluminescence intensity is ascribed to the quenching
effect of Ti ions.
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Fig. 1 Absorption spectra of Ti-doped sapphire

crystals before and after neutron-irradiation

— WA R E AR 194 nm WIYEH FT LB
5T, AT S ES T RAfE& iR
TP BT, ~BREHTEETRIR K55 R R
BRERNERBEZHEASO AHBR—-THTE
ERT Frib, 29 FRBEREA 194 nm KK
SREEHE R, RFE IR R AR AR ER I,
XEESAMBETTFREEBEFENEO0REEK
BIgE R —E, X TF 268 nm WY, A AR
Wl FH a0 sl E AR UGS LLEH,
BRI TSR IR IR R R . — ORI E P TIER
R, TREETFHEEER SFEE TS
R K B P KR RS L, 75 S AR N I 0 v

FEERE D, TR 268 nm 5 194 nm %F W 7 —Fh 8
DA BB BERIE , T 24 68, .0 Y BE 38 0 s XoF O 19 AS
) % Y FR DL R, (BERIR S RO AL 5 R 5 Z
Ko EFEWNR 268 nm RgIERYS Ti'" §FH K
WA, 5 B R R A AR R
BT AEEF, M T B FAERMKE - EFE N
AL TP B, T B FRERK, R8UER
J& 268 nm W% I 58 BE REAIK

EIRHT S B E A1 420 nm ZOGIEME 2 PR,
R RETE RO AT UE &, bR R
420 nm %608 3R BE B i BRI, T LW {E ) TR Rt
A B B AL, 7E 344 nm ZbyEAE T — N R OE
W , 5 Y U o B R BTIK 420 nm JERE & 414 nm
b . AR PRV ST FO6 X 6k S 0 I 5E BN, DL R R
FA K& EEE(FOMHEY 420 nm WE5RE X R
4 M SR T T AL IS R B BE B T B Tk
ERFE TR . $EAREE 420 nm %BIE R
BRI A b FAE B R R T B R B R
BT B FEAeR T BF . X5%KEAREBE
268 nm RCREFE MWL REYE. KEAER
Ja ) 420 nm KHEHEB E 414 nm, XA REE Z I
FRAE I LD, X R A BB R P A T B, AT
RAETCIES B KR .

100
—— before irradiation
804 [\ e after irradiation
s
s 601
2 40
g
) 20 1
0 -

300 400 500 600 700 800
Wavelength /nm

B2 HhTHEEREHREDR 420 nm 36 R 5%
Fig. 2 420-nm emission spectra of Ti-doped sapphire

crystals before and after neutron-irradiation
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Fig. 3 Fluorescence spectra of Ti-doped sapphire
crystals after irradiation
Curve A is excitation spectrum of the 344-nm luminescence;
Curve B is emission spectrum excitated at 228 nm;

Curve C is emission spectrum excitated at 252 nm
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Fig. 4 Excitation spectra of Ti-doped sapphire crystals
Curve A is excitation spectrum of the 281-nm luminescence;
Curve B is excitation spectrum of the 334-nm luminescence;

Curve C is excitation spectrum of the 414-nm luminescence
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Fig.5 Thermoluminescence spectrum of Ti-doped

sapphire after neutron-irradiation
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Fig. 6 Thermoluminescence In(I) versus 1/T and linear

fitting line of Ti-doped sapphire crystals
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Table 1 Fit parameters of thermoluminescence
In(I) versus 1/T

Function Y=A+BXX

Parameter Value Error
A 15. 4971 0.29442
B — 7304, 41813 139, 7853
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