5545 B4 9 W) ot T o M Vol. 45 No. 9
2016 4F 9 H ACTA PHOTONICA SINICA September 2016

doi:10. 3788/gzxb20164509. 0916002

KB AL Tl AR BE IR Eh i 0 I iR e
WG T E

;Ek';rﬂ ‘H_‘Fﬁ ,ﬂﬂﬁ‘2,£,ﬂig§1 7}:7}_\"531’2
(1 RiETN K% 4785 Mk TR 2= . 10T KRiE 116034)
(2 RiETN K% 5 BRl2%E TR ILT KiE 116034)

M E.HETER i"ﬁ’%%%i#ﬁ%ifi%é‘wké’%%% Lo BB, R A AR ELTNK R R E
975nm R R E T ATk 5% e b4 e K b M Ak AT AR, fa%#frw%o":zé’aé@ﬁy’m%%% >, SR AT R
%%%ﬁ%ﬁ%ﬂ%j’t%%?%%é@ﬁ%ﬁ%‘z MG AEEREANA, S Ho'' /YD 5 ey 4882 2 5k 75
2 370CH KNO, 2P #A & F#H 4 har K -Na' &F LRA KT #K A KA 0.068 pm’/min. 45 82 %
WHmMHLEY HO £ &L K548 nm G K 660 nm Lk, E P4 & L # 8 bh LR A 5. S b
K FE A AL 227 W/em® B, 660 nm4r b % st b ik o) R A B AR F F A A A 28.03 pWHe
9.26X10" cps. b BT ,548 nm KA 660 nm L X E HEO XX T F Z R 5 A4 0.17 X107 F= 2. 41 X
10, TREEREET S Fik 2,61 X10 °. XS FHE R A o K5 E o a2 &4 £ A9
Ho /YD " B A4 BRAXBH e e LEBRA N B L TFH A TR L THFERDL R LK

RGBT LS E RN B AR, A LR A A A e B — T AT R R AR T TR B 69 K
BHH.

KB REB L BRERF; R FERNA; L EBLT T ;2T 5%

FEASES . TQI71; 0433 XHERARIAAE A XEHS.1004-4213(2016)09-0916002-7

Quantification of Photon Upconversion in Holmium and Ytterbium Doped
Waveguide-typed Germanate Glasses
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(1 School of Textile and Material Engineering , Dalian Polytechnic University, Dalian, Liaoning 116034, China)
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Abstract; Ho’' /Yb’" doped germanate glasses adapting for K'-Na' ion-exchanged waveguide were
fabricated. Upconversion fluorescence has been measured by absolute spectral measurement system under
975 nm diode laser excitation. Net absorption and emission photon distributions and quantum yields were
derived from absolute spectral power distributions. Experimental and calculation results revealed that the
effective diffusion coefficient of K"-Na™ thermal ion-exchange is 0. 068 ymz/min, when Ho*" /Yb*
doped germanate glasses are immersed in KNO, molten salt at 370 C for 4 hours. Ho'" in germanate
glasses emits 548 nm green and 660 nm red fluorescence, and the red one plays dominant role. The
absolute spectral powers and the net emission photon numbers of the red upconversion emission are
28.03 W and 9. 26 X 10" cps, when pump power density is adjusted to 1 227 W/cm’. The fluorescence
quantum yields of 548 nm green and 660 nm red emissions are 0. 17X 10 ° and 2. 41 X 10 °, respectively,
and the total quantum yield in the visible region can reach to be 2. 61X 107" simultaneously. The slope of

logarithmic curve of net emission photon number versus excitation power density indicate that the red and
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green upconversion emissions in Ho'" /Yb'" doped germanate glasses are both due to two-photon
excitation processes. Absolute characterization for the upconversion fluorescence from Ho'" in

waveguide-typed germanate glasses have been achieved, which provides reliable reference in developing

rare earth optoelectronic functional materials.
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quantification; Quantum yield
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Fig. 2 Photograph of K"-Na" ion-exchanged slab waveguide, intensity of reflected light versus index value, index profile
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Table 1 Absolute spectral power of each emission bands
Excitation Absolute spectral power/pW
power density °F,+°S,—°]; °F.—>°l; °F,+°S,—>°L,
/(W cm*) (548 nm) (660 nm) (755 nm)
539 0. 45 6.48 0.06
721 0. 80 10. 56 0.13
867 1.19 14. 39 0.18
987 1.48 18.17 0.21
1108 1. 89 22.95 0. 26
1227 2.36 28.03 0.33
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Fig.3 Upconversion Spectral Power Distributions (SPD) for sample under various laser power densities
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Table 2 Net absorption and emission photon numbers of
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Fig. 4 Net upconversion Absorption Photon Distributions (NAPD) and Net Emission Photon

Distributions (NEPD) for sample under various laser power densities
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Excitation Net Net emission/ (10" cps) ¥ 7
power density  absorption
J(W - em ) /(10" cps) 548 nm 660 nm 755 nm Eocp”
539 1.72 1.24 21.41 0.18
721 2.28 2.20 34.91 0.41
867 2.74 3.27 47.56 0. 68
987 3.10 4.08 60. 04 0.79
1108 3.48 5.19 75.83 0. 89
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Table 3 Quantum yields of Ho*" /Yb*" doped NMAG glasses
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539 0.72 12. 54 0.10 13.27

721 0.96 15.31 0.18 16. 46

867 1.19 17. 36 0. 25 18. 81

987 1.32 19. 37 0. 25 20. 94
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1227 1.69 24.11 0.31 26.12
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